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THE  PROGRESS  OF   THE    DISTRIBUTION  OF    SALT  IN 
HAM  DURING  THE  CURING  PROCESS^ 

By  R.  C.  Miller,  assistant  professor  of  agricultural  and  biological  chemistry  De- 
partment of  Agncultural  and  Biological  Chemistry,  and  P.  T.  Ziegler,  professor 
of  animal  husbandry,  Department  of  Animal  Husbandry,  Pennsylvania  AqricuU 
tural  Experiment  Station  . 

INTRODUCTION 

Practically  all  methods  of  curing  pork  involve  the  use  of  salt  as  a 
curing  agent.  Its  main  function  is  as  a  preservative  to  prevent  or 
reduce  the  action  of  micro-organisms  which  might  cause  spoilage  in 
the  meat.  Aside  from  this  preserving  action,  the  salt  contributes 
greatly  to  the  palatability  of  the  meat.  Oversalted  pork  is  undesir- 
able, although  it  is  quite  common.  The  amount  of  salt  present  should 
be  sufficient  to  exert  the  required  preserving  action  but  should  not  be 
so  excessive  as  to  impair  the  palatabihty  of  the  product.  In  addition 
the  salt  should  be  uniformly  distributed  throughout  the  meat  to  insure 
uniform  quality  and  palatability. 

The  process  of  curing  ham  involves  the  application  of  the  curing 
agent,  usually  a  combination  of  salt,  sugar,  and  either  saltpeter 
(KNO3)  or  potassium  nitrite  (KNO2),  to  the  meat  by  one  of  two 
methods,  either  by  dry  curing  or  brine  curing.  The  meat  is  then 
allowed  to  remain  in  the  curing  medium  for  a  period  of  time,  which 
is  dependent  on  the  size  of  the  cut  and  the  kind  of  cure.  Subsequently 
it  is  soaked  in  water  to  remove  the  excess  salt  from  the  outside, 
smoked,  and  finally  aged  or  held  as  long  as  is  desirable  to  improve  its 
flavor  or  as  is  required  for  practical  purposes. 

The  curing  process  has  as  its  first  objective  the  penetration  of  the 
salt  into  all  parts  of  the  meat  rapidly  enough  to  overcome  or  prevent 
the  deleterious  effect  of  micro-organisms.  If  the  meat  is  dry -cured 
an  allotted  amount  of  the  curing  agent  is  rubbed  into  it,  usually  in 
two  or  three  portions  at  intervals  of  several  days.  Usually  the  last 
portion  is  applied  no  later  than  10  days  after  the  beginning  of  the  cure. 
In  brine  curing,  which  is  probably  more  commonly  used,  the  meat  is 
allowed  to  remain  in  a  brine  or  pickle  for  a  period,  the  length  of  which 
should  depend  on  the  strength  of  the  pickle  used  and  the  temperature 
at  which  the  cure  is  conducted.  Commercially  it  is  a  common  prac- 
tice to  pump  a  strong  salt  solution  into  the  ham  previous  to  placing 
it  in  the  pickle  proper. 

Other  things  being  equal,  the  effectiveness  of  salt  in  preventing 
bacterial  action  should  depend  largely  on  the  temperature  at  which 
the  curing  process  is  conducted.  The  optimum  temperature  is  one 
which  is  high  enough  to  permit  the  salt  to  penetrate  as  rapidly  as 
possible,  and  yet  low  enough  to  inhibit  excessive  bacterial  action. 
Temperatures  from  about  36°  to  40°  F.  seem  to  fulfill  this  require- 
ment and  are  commonly  used.  Lower  temperatures  are  said  to  retard 
the  cure,^  and  at  higher  temperatures  spoilage  of  the  meat  is  liable 

'  Received  for  publication  Sept.  16,  1935;  issued  March  1936. 

'  MOULTON,  C.  R.      MEAT  THROUGH  THE  MICROSCOPE;   APPLICATIONS  OF  CHEMISTRY  AND  THE  BIOLOGICAL 
SCIENCES  TO  SOME  PROBLEMS  07  THE  MEAT-PACKING  INDUSTRY.     528  pp.,  illUS.      ChlCftgO,  1929.     See  p.  45. 
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to  occur  before  a  sufficient  concentration  of  salt  is  obtained  to  check 

bacterial  action.  -  ,     »  .       i      i  •    xi_ 

The  authors  have  in  progress  a  study  of  the  factors  involved  in  the 
curing  of  ham  and  bacon.  The  present  paper  reports  their  findings 
in  experiments  made  to  determine  the  degree  of  distribution  of  salt 
in  hams  cured  by  different  methods,  the  salt  distribution  being  related 
to  the  time  allotted  to  the  curing  process  proper  and  the  time  of  any 
subsequent  holding  or  aging. 

EXPERIMENTAL  PROCEDURE 

Fifty -nine  hams  weighing  from  14  to  19  pounds  were  used  for 
curing.  The  plan  followed  was,  whenever  possible,  to  put  down  to- 
gether, in  the  curing  agent,  both  the  right  and  left  hams  from  the 
same  hog,  and  to  remove  this  pair  of  hams  from  cure  at  the  same 
time,  then  to  soak  them  in  water  to  remove  excess  salt  or  curing 
agent  from  the  outside.  One  ham  was  analyzed  immediately  before 
being  smoked,  and  the  other  was  smoked  and  held  for  a  designated 
number  of  days,  when  it  was  analyzed  also.     The  latter  ham  gave 

information  as  to  the  effect 
of  holding  the  ham  for  an  ad- 
ditional period  and  served 
as  a  check  on  the  first. 

Each  ham  was  sampled 
by  taking  a  center  cut  across 
it  next  to  the  aitch  bone.^ 
This  cut  was  about  1  inch 
thick,  3  inches  wide,  and  as 
long  as  the  thickness  of  the 
ham.     It  was  divided  into 
five  equal   horizontal   sec- 
tions which  were  separately 
ground  in  a  food  chopper. 
Each  served  as  a  separate 
sample  on  which  moisture  and  chlorine  were  determined.     Thus  an 
analysis  was  obtained  on  samples  representing  the  center  of  the  ham 
as  well  as  the  two  adjacent  sections,  and  the  two  outside  sections. 
This  method  of  sampling  is  depicted  in  figure  1 . 

The  amount  of  salt  present  in  each  section  ^\  as  calculated  from  the 
chlorine  content  as  determined  by  the  wet-digestion  method  as  given 
by  Davies.^  A  5-gram  sample  of  the  ground  meat  was  weighed  into 
an  Erlenmeyer  flask,  and  to  it  were  added  an  excess  of  one-tenth 
normal  silver  nitrate,  10  cc  of  saturated  potassium  permanganate 
solution,  and  25  cc  of  concentrated  nitric  acid.  This  mixture  was 
boiled  vigorously  until  all  solid  particles  of  the  meat  were  completely 
digested,  the  average  time  required  being  about  20  minute^.  Per- 
forated glass  beads  were  used  to  prevent  bumping  during  the  digestion. 
The  solution  was  then  cooled  by  immersing  the  flask  in  cold  water. 
Wlien  cool,  the  excess  of  silver  nitrate  was  titrated  with  potassium 
thiocyanate  in  the  presence  of  2  cc  of  saturated  ferric  alum  and  10  cc 

»  MouLTON,  C.  R.    See  p.  112  of  reference  cited  in  footnote  2. 

*  DaVIES,  W.  L.     the  determination  of  chlorides  in  DAIR7  PRODUCTS  AND  BIOLOGICAL  MATERIAL. 

Analyst  57:  79-85.    19S2. 


Figure  1  —Diagram  of  method  of  sampling  the  hams: 
a,  Femur;  b,  skin  side. 
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of  acetone.  By  having  a  total  volume  of  not  more  than  100  cc  an 
easily  distinguishable  brownish-red  end  point  was  obtained  without 
filtering  off  the  white  precipitated  silver  chloride  from  the  yellow  solu- 
tion resulting  from  the  digestion.  A  blank  determination  on  fresh 
pork  showed  it  to  be  so  low  in  chlorine  as  not  to  influence  the  results 
obtained  in  this  study,  in  which  relatively  large  quantities  of  salt 
were  present. 

The  percentage  of  salt  in  the  dry  matter  of  each  of  the  five  pieces 
that  were  subsampled  from  a  ham  was  computed,  and  the  figures 
obtained  were  used  to  calculate  the  mean  salt  content  and  the  standard 
deviation  of  the  center  cut.  It  should  be  mentioned  that  the  figures 
for  subsample  no.  1  were  usually  omitted  in  making  the  computa- 
tions, inasmuch  as  this  sample  was  ordinarily  mostly  fat  and  practi- 
cally always  contained  less  salt  than  the  lean  subsamples,  presumably 
due  to  its  lower  water  content.  The  coeflScient  of  variability  of  the 
salt  content  was  calculated  according  to  the  formula 

cF=^X  100 

ft 

in  which  cV  represents  the  coefficient  of  variability. 

The  value  thus  obtained  is  a  numerical  expression  which  denotes 
the  extent  to  which  the  salt  contained  in  the  ham  has  become  distrib- 
uted or  equalized.  It  is  a  value  which  is  practically  independent 
of  the  absolute  amount  of  salt  present.  Typical  figures  illustrating 
the  application  of  this  method  of  expressing  the  extent  of  salt  equaliza- 
tion are  given  in  table  1,  the  salt  distribution  for  these  two  hams 
being  quite  different  because  of  different  methods  of  curing. 

Table  1. — Data  obtained  from  the  five  subsamples  made  from  center  cuts  of  two 
hams  cured  by  different  methods  and  indicating  the  extent  to  which  the  salt  was 
distributed  throughout  * 


Subsample  no.— 


1  (fat  side) 

2 

3  (middle  piece) 

4 .  

5  (flesh  side) 

Mean  salt  content  of  entire  center  cut 
Coefficient  of  variability 


Salt  in  ham  no. — 


I-ercent 
1.05 
2.35 
2.89 
9.87 
18.89 


7.01 
90.9 


Percent 
1.50 
8.50 

8.97 

8.46 

10.82 


7.66 
12.1 


'  All  analyses  are  expressed  as  percentages  of  the  dry  matter. 

As  illustrated  by  these  two  hams,  the  coefficient  of  variability  is 
high  when  the  distribution  of  salt  in  a  ham  is  not  uniform,  as  in  the 
case  of  ham  no.  1,  in  which  the  salt  is  relatively  more  concentrated 
in  subsamples  4  and  5.  Conversely  it  will  be  low  when  the  salt  con- 
tent of  the  several  sections  sampled  is  approximately  the  same,  as  in 
ham  no.  2.  Thus  the  coefficient  of  variability  is  a  useful  criterion  in 
judging  the  extent  of  the  distribution  of  salt  and  presents  a  means  of 
comparing  different  hams  in  this  respect. 


228 


Journal  oj  Agricultural  Research 


Vol.  62,  no.  8    I    Feb.  1, 1936  Progrcss  oJ  Distribution  of  Salt  in  Ham  During  Curing    229 


It  should  be  pointed  out  that  the  mean  salt  content  of  the  five  pieces 
subsampled  from  the  center  cut  is  not  the  true  mean  salt  content  of 
the  whole  ham.  This  is  apparent  when  it  is  recognized  that  the 
outer  portion  of  the  ham  (subsamples  5  and  1)  represents,  on  the  basis 
of  weight,  a  different  percentage  of  the  whole  ham  than  it  represents 
in  relation  to  the  center  cut  from  which  it  is  taken.  The  same 
difference  exists  in  a  different  proportion  for  the  other  subsamples 
of  the  center  cut.  As  given  in  table  1  the  mean  salt  content  of  the 
entire  center  cut  is  7.01  percent  for  ham  no.  1  while  the  salt  content  as 
determined  for  the  whole  ham  after  grinding  it  and  subsampling  was 
5.36  percent.  The  method  of  center-cut  sampling,  therefore,  is  con- 
ventional but  serves  a  useful  purpose  for  comparative  studies.  In 
addition  it  serves  as  an  accurate  criterion  when  a  consideration  of 
salt  penetration  in  relation  to  the  thickness  of  the  meat  is  desired, 
this  aspect  being  equally  as  important  as  the  relationships  involving 
the  weight  of  the  meat. 

In  table  2  are  given  data  concerning  three  different  brands  of 
standard,  first-quality,  packer's  ham  which  are  taken  to  be  repre- 
sentative of  this  type  of  product.  These  hams  were  purchased  in  a 
local  butcher  shop  and  analyzed  in  the  usual  manner. 

Table  2. — Salt  distribution  in  first-quality  commercial  hams  of  three  different  brands 


Part  of  ham  or  sample 


Middle  sample  (no.  3) 

Outside  sample  (no.  5) 

Mean  salt  content  of  entire  center  cut. 
Coefficient  of  variability  for  center  cut 


Salt  in  ham  no. — 


Percent 

7.5 

13.9 

11.6 

25.8 


Percent 
12.9 
15.5 
15.8 
16.1 


Percent 
11.2 
18.1 
14.0 
24.6 


No  information  is  at  hand  concerning  the  manner  in  which  these 
hams  were  cured  or  how  long  they  were  out  of  the  cure  before  being 
sampled.  The  analysis  shows  that  they  contained  a  considerable 
amount  of  salt  and  that,  particularly  in  the  case  of  hams  1  and  3,  the 
salt  content  of  the  outside  pieces  was  somewhat  higher  than  that  of 
the  center  sample.  The  coefficients  of  variability  bear  out  this  obser- 
vation insofar  as  salt  distribution  is  concerned.  A  value  around  25 
would  indicate  only  a  fair  distribution;  thus  it  is  possible  that  at  least 
two  of  these  hams  (nos.  1  and  3)  were  not  held  long  after  curing,  or 
that  some  other  feature  of  the  cure  was  such  as  did  not  permit  much 
equalization  of  the  salt. 

SALT  DISTRIBUTION  IN  DRY-CURED  HAMS 

In  table  3  are  given  data  for  hams  cured  under  experimental  con- 
ditions. Both  groups  were  dry  cured  with  salt  and  saltpeter.  The 
hams  having  the  same  curing  period  were  from  the  same  hog. 

The  curing  agent  was  applied  at  the  rate  of  1  ounce  per  pound  to 
the  skinback  hams  and  2  ounces  per  pound  to  the  regular  hams,  a 
portion  as  large  as  could  be  immediately  taken  up  by  the  meat  being 
api)lied  in  one  rubbing,  the  remainder  being  sprinkled  on  the  meat. 
The  curing  was  done  in  wooden  boxes  from  which  the  liquor  exuding 
from  the  hams  was  allowed  to  drain,  and  in  a  refrigerated  room  where 


the  temperature  was  controlled  to  about  37°  F.  Pairs  of  hams  were 
removed  from  the  cure  at  the  same  time,  one  ham  from  each  pair 
being  immediatelv  analyzed,  and  the  other  being  held  for  an  addi- 
tional period,  as  indicated  in  the  table,  during  which  time  it  was 
smoked  and  then  analyzed.  The  hams  were  held  in  a  refrigerated 
room  previous  to  smoking,  and  at  room  temperature  after  smoking. 

Table  3. — Salt  distribution  while  curing  and  after  holding  in  hams  dry-cured  for 

various  periods  with  salt  and  saltpeter  at  37°  F, 


Regular  hams 

Ham  no.* 

Skinback  hams 

Ham  no.i 

Length 

of 
curing 
period 

Length  of 

holding 

period 

after 

cure 

Coeffi- 
cient of 
varia- 
bility 
of  salt 

Length 
of 

curing 
period 

Length  of 

holding 

period 

after 

cure 

Coeffi- 
cient of 
varia- 
bility 
of  salt 

73           _ 

Days 
20 
35 
42 
20 
35 
42 

Days 

0 

0 

0 

30 

30 

30 

123.8 
100.9 

81.9 

52.8 
25.8 
34,4 

3« 

Days 
28 
35 
42 
28 
35 
42 

Days 

0 

0 

0 

32 

32 

32 

92.8 

13 

10< 

98.5 

53                  

2* 

76.7 

103 

5« ^ 

1« 

14.0 

23 

36.0 

33 

6« 

20.0 

1  The  superior  figures  are  for  laboratory  records. 

The  results  indicate  that  with  both  methods  of  curing  the  equaliza- 
tion of  salt  was  progressing  throughout  the  whole  period  of  observa- 
tion, which  was  from  20  to  74  days.  However,  the  coefficients  of 
variability  are  somewhat  lower  in  five  out  of  the  six  cases  for  the 
skinback  hams,  indicating  a  somewhat  more  rapid  cure.  The  slower 
cure  with  the  regular  hams  may  be  attributed  to  the  heavier  fat  cover- 
ing on  the  hams,  this  layer  of  fat  retarding  salt  penetration. 

It  is  apparent  that  the  type  of  results  presented  in  this  paper  show 
considerable  variation  because  of  the  small  number  of  hams  that  have 
been  tested.  Therefore,  the  results  are  of  limited  value  in  making 
close  comparisons  unless  large  numbers  of  observations  are  made, 
but  are  useful  for  the  present  purpose  in  indicating  the  general  prog- 
ress of  salt  penetration  and  equalization. 

In  table  4  are  presented  data  for  hams  dry -cured  with  salt,  brown 
sugar,  and  saltpeter,  using  1  ounce  per  pound  of  meat,  applied  in 
three  rubbings.  One  series  of  hams  was  kept  during  the  cure  in  an 
outside  brick  building  which  was  unheated,  and  with  the  tempera- 
ture uncontrolled.  The  conditions  simulated  those  that  would  be 
encountered  in  farm  practice.  The  other  series  was  cured  under 
controlled  conditions.  . 

Salt  alone  or  in  combination  with  saltpeter  is  commonly  used  m 
farm  practice  for  curing  meats,  but  it  is  generally  conceded  that  a 
product  of  better  quality  is  obtained  if  the  curing  agent  contains 
some  sugar.  Unpublished  experimental  work  by  the  authors  has 
shown  that  a  mixture  of  8  pounds  of  salt,  3  pounds  of  brown  sugar, 
and  3  ounces  of  saltpeter  is  a  satisfactory  curing  mixture. 

Data  for  an  odd  ham  are  presented  in  the  controlled  series,  its 
mate  having  been  erroneously  cut  before  the  termination  of  the  cure; 
also  hams  2^  and  R^  were  not  from  the  same  hog  but  were  practically 
identical  otherwise. 
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Table  4..'-Salt  distribution,  while  curing  and  after  holding,  in  hams  dp-cured  for 
villus  periods  with  saU,  brown  sugar,  and  saltpeter,  under  uncontrolled  tempera^ 
ture  conditions  and  at  37°  C. 


Ham  no. I 


Cured  with  salt,  brown  sugar, 
and  saltpeter,  curing  temper- 
a  ture  uncontrolled .    (40°-60° 

F.) 


5».. 

15.. 

3«.. 

105. 

1*.. 

6«.. 


Length 

of 
curing 
period 


Days 


28 
35 
42 
28 
35 
42 


Length  of 

holding 

period 

after 

cure 


Days 


0 

0 

0 

32 

32 

32 


Coeffi- 
cient of 
varia- 
bility 
of  salt 


67.7 
104.1 
57.3 
18.5 
12.8 
2.9 


Ham  no. 


Cured  with  salt,  brown  sugar, 
and  saltpeter  at  37°  F. 


2^.. 

32.- 

6 

102. 

7... 
22.. 
5.. 

R2. 

62. 
1.- 
2.- 

12.. 

3.. 


Length 

of 
curing 
period 


Days 


21 
26 
28 
33 
35 
40 
42 
20 
26 
28 
35 
40 
42 


Length  of 

holding 

period 

after 

cure 


Days 


0 
0 
0 
0 
0 
0 
0 

30 
30 
30 
30 
30 
30 


Coeffi- 
cient of 
varia- 
bility 
of  salt 


108.8 

111.9 

120.8 

55.3 

70.7 

59.8 

48.7 

32.3 

12.7 

15.9 

12.2 

8.4 

11.0 


1  The  superior  numbers  and  letters  indicate  skinback  hams.    The  other  hams  were  regular. 

In  all  the  hams  that  were  cured  for  26  days  or  more  and  then  held 
for  30  days,  the  distribution  of  salt,  as  judged  by  the  coefficients  of 
variability,  was  uniformly  good.  It  appears  that  salt  equalization 
was  progressing  at  a  rather  uniform  rate  during  both  the  curing  and 
the  holding  periods  and  would  be  satisfactory  after  50  to  60  days. 
Also  there  is  some  indication  that  the  distribution  of  salt  m  these 
sugar-cured  hams,  as  related  to  time,  is  somewhat  better  than  in  the 
case  of  hams  cured  with  salt  and  saltpeter  under  controlled  conditions. 
A  comparison  of  hams  that  were  cured  for  approximately  the  same 
periods  and  then  held  for  a  period  after  cure,  shows  that  the  coeffi- 
cients of  variability  are  lower  in  all  cases  for  the  sugar-cured  hams. 

SALT  DISTRIBUTION  IN  BRINE-CURED  HAMS 

The  results  obtained  with  two  series  of  brine-cured  hams  are  given 
in  table  5.  The  brme  was  made  up  of  8  pounds  of  salt,  3  pounds  of 
brown  sugar,  and  3  ounces  of  saltpeter,  dissolved  in  4  gallons  of  water 
and  used  at  the  rate  of  4  gallons  per  100  pounds  of  meat.  The  series 
of  hams,  for  which  data  are  given  in  table  5,  were  in  part  cured  under 
controlled  temperature  conditions  at  about  37°  F.,  and  in  part  under 
uncontrolled  temperature  conditions  in  the  smokehouse  previously 

described.  .        .     , 

In  the  cases  where  comparisons  are  possible,  it  does  not  appear  that 
there  is  much  difference  in  salt  equalization  in  the  hams  cured  under 
either  uncontrolled  or  controlled  conditions.  ^        . 

The  coefficients  of  variability  of  the  salt  of  the  hams  cured  m  brme 
under  controlled  conditions  are  about  the  same  for  all  the  hams 
analyzed  after  25  to  42  days  in  the  brine.  The  figures  for  hams  cured 
from  25  to  30  days  appear  to  be  lower  than  for  those  dry-cured  for 
approximately  the  same  period.  It  might  be  expected  that  such 
might  be  true  since,  in  dry  curing,  all  the  salt  which  is  ultimately 
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distributed  throughout  the  ham  is  rubbed  into  the  surface  within  the 
first  few  days  after  the  beginning  of  the  cure.  From  then  on  the 
salt  is  penetrating  further  into  the  ham  and  is  becoming  distributed 
throughout  it,  the  concentration  of  salt  gradually  being  diminished 
in  the  outside  portion.  In  brine  curing,  salt  is  being  continually 
taken  up  by  the  meat  from  the  brine  until  the  cure  in  the  brine  is 
terminated.  It  would  appear  from  the  coefficients  of  variability, 
that  in  brine-cured  hams  the  concentration  of  salt  in  the  outside  por- 
tion in  relation  to  the  concentration  in  the  inside  is  never  as  great  as 
it  is  in  the  early  stages  of  dry  curing.  Because  of  the  continued 
absorption  of  salt  during  the  brine  cure,  equalization  of  the  salt  may 
not  be  as  rapid  as  in  dry  curing  during  the  cure  proper.  The  data 
show  that,  in  the  case  of  brine  curing,  most  of  the  equalization  occurs 
during  the  holding  period  following  the  cure. 

Table  5. — Salt  distribution  in  hams  brine-cured  for  various  periods,  both  at  about 
37°  F.  and  under  uncontrolled  temperature  conditions,  while  curing  and  after 
holding 


Ham  no.i 


Cured  at  about  37°  F. 


Length 

of 
curing 
period 


IB. 

7... 

XE 

2.. 
5.. 
1.. 

OB. 

0-. 

OE. 
2B. 
SB. 

3.. 

6.. 


Days 


25 
28 
30 
34 
35 
38 
42 
42 
28 
34 
35 
42 
35 
42 


Length  of 

holding 

period 

after 

euro 


Days 


0 
0 
0 
0 
0 
0 
0 
6 

30 
30 
32 
30 
64 
60 


Coeffi- 
cient of 
varia- 
bility 
of  salt 


84.7 
83.8 
81.0 
80.5 
90.9 
84.6 
73.6 
73, 

3, 
33 
17.1 
13.6 
17.8 

6.4 


Ham  no. 


6 
2 
2 


OA. 
3A. 
2C. 
XC 
4A. 
ic. 
2A. 

lA. 

5A. 


Cured  under  uncontrolled 
temperature  conditions  (40°- 
60°  F.) 


Length 

of 
curing 
period 


Days 


28 
35 
35 
35 
42 
35 
28 
35 
42 


Length  of 

holding 

period 

after 

cure 


Days 


0 
0 

0 
6 
0 

30 
61 
54 
61 


CoeflQ- 
cient  of 
varia- 
bility 
of  salt 


101.3 
72.0 
65.3 
65.1 
54.6 
31.8 
10.6 
9.5 
13.1 


1  The  superior  letters  are  for  laboratory  records. 

No  mention  has  been  made  of  the  influence  of  smoking  the  meat  on 
the  salt  penetration.  It  might  be  expected  that  exposure  to  the  higher 
temperature  of  the  smokehouse  would  hasten  the  equalization  ol  salt, 
but  as  yet  the  present  study  has  not  particularly  concerned  this  point 
and  such  evidence  as  has  been  obtained  is  inconclusive,  although  there 
is  some  indication  that  smoking  slightly  speeds  up  salt  eqiiahzation. 

With  respect  to  the  ultimate  distribution  of  salt,  the  dry-curing 
and  brine-curing  processes  are  essentially  the  same,  .f  ^Y^^^A^^'iws 
must  difler  in  fundamental  details.  Experiments  are  cited  by  ^™ 
in  which  small  pieces  of  pork  muscle  were  immersed  m  concentrated 
sohitions  of  salt.  At  first,  water  diffused  from  the  muscle  to  the 
sohition,  the  rate  of  diffusion  depending  on  the  concentration  oi  the 
salt  solution.  Finally,  the  water  began  to  ^fuse  back  from  ^^^ 
strong  solution  of  salt  to  the  muscle.     Apparently  this  phenomenon 

■ .  Callow,  E.  H.    theory  of  curing.    [Qt.  Brit.]  Dept.  Sci.  and  Indus.  Research.  Food  Invest.  Bd. 
Kept.  1932:  101-102.    1933. 
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does  not  occur  except  in  the  presence  of  proteins,  there  being  formed 
a  salt-protein  complex  which  has  an  osmotic  pressure  greater  than 
that  of  the  surrounding  solution.^  Since  the  salt-protein  complex  is 
hypertonic  to  the  solution,  water  diffuses  back  into  the  protein- 
containing  system. 

Callow  ^  has  also  shown  that  the  uptake  of  salt  from  solutions  of 
different  strengths  is  continuous  and  is  dependent  on  the  strength 
of  the  brine  used,  more  salt  being  taken  up  from  the  stronger  solutions. 

These  findings  agree  with  those  of  practice,  the  increase  in  weight 
of  brine-cured  hams  due  to  uptake  of  water  being  commonly  recog- 
nized. The  results  herein  presented  show,  however,  that  under 
ordinary  conditions  the  salt  in  a  ham  is  not  uniformly  distributed  for 
some  length  of  time.  It  is  doubtful,  with  a  heterogeneous-phase 
composition  with  respect  to  salt  and  tissue  constituents,  whether 
equilibria  with  respect  to  salt  and  water  uptake  are  reached  in  ordinary 
curing  practice.  Methods  of  curing,  therefore,  must  be  controlled 
procedures  which  produce  the  desired  eft'ect. 

SUMMARY 

A  statistical  method  is  presented,  by  means  of  which  it  is  possible 
to  express  mathematically  the  extent  of  the  distribution  of  salt  in 
ham  at  various  stages  in  the  process  of  curing. 

Results  are  given  for  59  hams,  variously  cured. 

The  salt  in  hams  cured  by  various  methods  did  not  become  well 
distributed  throughout  the  meat  until  approximately  60  days  after 
the  beginning  of  the  various  cures.  Salt  equalization  begins  in  dry- 
cured  hams  as  soon  as  the  last  portion  of  curing  mixture  is  applied 
to  the  meat.  In  brine  curing,  salt  equalization  is  accompanied  by 
absorption  of  salt  from  the  brine  until  the  meat  is  removed  from  it, 
thereafter  salt  equalization  alone  takes  place. 

In  all  the  curing  methods  used,  the  aging  of  hams  for  30  days  after 
their  removal  from  the  cure  permitted  further  equalization  of  the  salt 
and  gave  a  product  of  more  uniform  salt  content, 

«  Adair,  G.  S.    a  theory  of  partial  osmotic  pressures  and  membrane  equilibria,  with  special 

REFERENCE  TO  THE  APPLICATION  OF  DaLTON'S  LAW  TO  HEMOGLOBIN  SOLUTIONS  IN  THE  PRESENCE  OF  SALTS. 

Roy.  Soc.  [London],  Proc.  A  120:  573-003,  illus.    1928. 

'  Callow,  E.  H.    section  c— pig  products.    [Gt.  Brit.]  Dept.  Sci.  and  Indus.  Research,  Food  Invest. 
Bd.  Rept.  1929:  67-73,  illus.    1930.    See  p.  69. 
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content  was  also  computed.  From  the 
mean  and  the  standard  deviation,  the 
coefficient  of   variabiHty  of  the  salt 
content    was    computed,    this    value 
being  a  numerical  expression  which 
denotes  the  extent  of  variation  in  the 
salt  content  of  the  various  sections 
analyzed.*   Thus  it  expresses  the  ex- 
tent of  equalization  or  distribution  of 
the  salt  between  the  five  sub-samples. 
This  means  of  expressing  the  ex- 
tent of  the  distribution  of   salt  has 
been    found  to   be   very   useful   for 
comparative  purposes.     Thus  if  the 
salt  contents  of  all  five  sub-samples  of  i 
the  center  cut  are  approximately  the' 
same,  a  low  co-efficient  of  variability 
of  the  order  of  from  5  to  20  will  ht 
obtained.     If  there  is  an  excess  of 
salt  in  any  one  or  two  of  the  sub- 
samples,  as  is  often  found,  particu-" 
larly  in  the  outside  portions  of  the 
ham,  the  coefficient  of  variability  will 
be  high,  probably  being  between  SO 

and  150. 

The  analysis  of  the  center  cut  sam- 
ples of  three  first  quality  commercial 
hams  are  given  in  Table  I,  the  per- 
centage of  salt  given  being  that  pres- 


*The  coefficient  of  variability  is  a  meas- 
ure of  the  dispersion  of  data  as  related  tcj 
?hP    average       It   is   expressed   as   the   per-l 
centage  of  the  mean  which  is  representee^ 
by  t hi  standard  deviation.     Thus: 
__    Std.  Dev..  ^  ^QQ 
^•^*  ~       mean 


Table  I:  Per  Cent  of  Salt  Distrl 


Sample  No.  1,  skin  side 

Sample  No.  2 

Sample  No.  3,  center 

Sample  No.  4 

Sample  No.  5,  outside 

Mean  salt  content.. ... ....  •  • 

Coefficient  of  variability  of  salt. 


Tahiti 

Number  | 
of  days 

Method  of  cure  '"  ""^'^ 

Dry -cured,  packed  in  salt jq 

Dry -cured,  packed  in  salt .  ^ 

Bnne-cured,  90*  pick  e jO 

Brine-cured,  90»  pick  e ,4 

Brine-cured.  70»  pick  e jO 

Brine-cured,  70*  pickle 28 

Brine-cured,  70°  pick  e ,3 

Brine-cured,  70^  pickle ^2 

Brine-cured.  70"  pickle 


•(ji»u*  -qj  001   ^0/  p98n  'ia?P^^ 


Table  UI:      Dry-Cured 


The  rectangles   shown  on   these   hams   by   white  lines   Indicate   where   the  test  pieces   were  cnt. 
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THE  time  element  is  an  im- 
portant factor  in  securing  a 
uniform  distribution  of  curing 
materials  used  in  cured  hams.  It  is 
true  that  preservation  of  the  meat  by 
preventing  or  reducing  the  action  of 
microorganisms  is  the  principal  ob- 
ject of  the  process  of  curing  ham. 
However,  in  addition  to  this  function, 
the  curing  agent  contributes  to  the 
final  quality  of  the  meat  as  manifested 
by  its  color,  flavor,  tenderness,  and 
saltiness.  This  is  not  to  say  that  cur- 
ing alone  can  produce  a  high  quality 
product  from  inferior  pork,  but  rather 
to  em^phasize  that  a  poor  quality  can 
result  from  faulty  curing  methods  ap- 
plied to  good  quality  pork.  It  goes 
without  saying  that  a  ham  containing 
enough  salt  to  preserve  it  well,  may 
^not  be  acceptable  from  the  standpoint 
if  palatability  if  the  salt  is  not  dis- 


tributed   uniformly    throughout    the 
piece. 

The  requirements  with  respect  to 
salt  in  cured  ham  are:  (1)  that  the 
amount  present  be  sufficient  to  exert 
the  required  preserving  action  in  all 
parts  of  the  ham;  (2)  that  the 
amount  present  should  not  be  in  large 
excess  so  that  the  ham  would  be  said 
to  be  oversalted;  (3)  that  the  salt 
be  uniformly  distributed  throughout 
the  meat. 

IN  an  investigation  of  the  latter 
point,  the  idea  in  mind  was  that, 
with  other  things  being  equal,  such  as 
the  curing  temperature  and  the 
amount  of  curing  agent  that  is  applied 
or  allotted  to  the  meat,  the  complete- 
ness of  the  distribution  of  the  salt  is 
definitely  related  to  the  time  elapsing 
after  the  beginning  of  the  cure. 
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In  carrying  out  some  experiments 
concerning  this  point  hams  weighing 
from  14  to  19  lb.  were  cured.  At 
some  time  during  the  cure  each  ham 
was  sampled  for  salt  analysis  by  tak- 
ing a  center  cut  across  it  next  to  the 
aitchbone,  the  cut  being  about  one 
inch  thick,  three  inches  wide  and  as 
long  as  the  ham  was  thick.  This  cut 
was  divided  into  five  equal  horizontal 
sections  which  were  separately  an- 
alyzed for  salt.  Thus  the  salt  con- 
tent was  determined  on  samples 
representing  the  center  of  the  ham  as 
well  as  the  two  adjacent  sections,  and 
the  two  outside  sections,  one  from 
each  side  of  the  ham  as  shown  in  the 
photograph  above. 

The  average  salt  content  of  the 
center  cut  was  computed  from  the 
salt  contents  of  the  individual  pieces. 
The  standard  deviation  of  the  salt 


content  was  also  computed.  From  the 
mean  and  the  standard  deviation,  the 
coefficient  of  variabihty  of  the  salt 
content  was  computed,  this  value 
being  a  numerical  expression  which 
denotes  the  extent  of  variation  in  the 
salt  content  of  the  ^  various  sections 
analyzed.*  Thus  it  expresses  the  ex- 
tent of  equalization  or  distribution  of 
the  salt  between  the  five  sub-samples. 
This  means  of  expressing  the  ex- 
tent of  the  distribution  of  salt  has 
been  found  to  be  very  useful  for 
comparative  purposes.  Thus  if  the 
salt  contents  of  all  five  sub-samples  of 
the  center  cut  are  approximately  the 
same,  a  low  co-efficient  of  variability 
of  the  order  of  from  5  to  20  will  be 
obtained.  If  there  is  an  excess  of 
salt  in  any  one  or  two  of  the  sub- 
samples,  as  is  often  found,  particu- 
larly in  the  outside  portions  of  the 
ham,  the  coefficient  of  variability  will 
be  high,  probably  being  between  50 

and  150. 

The  analysis  of  the  center  cut  sam- 
ples of  three  first  quality  commercial 
hams  are  given  in  Table  I,  the  per- 
centage of  salt  given  being  that  pres- 


•The  coefficient  of  variability  is  a  meas- 
ure of  the  dispersion  of  data  as  related  to 
the  average.  It  is  expressed  as  the  per- 
centage of  the  mean  which  is  represented 
by  the  standard  deviation.     Thus: 

Std.Dev.   ^^QQ 
^'^'  mean 

\ 


ent  in  the  dry  matter.  It  is  seen  that 
the  lowest  coefficient  of  variability  is 
that  for  ham  No.  3,  where  there  is  the 
least  difference  in  salt  content  be- 
tween the  various  sub-samples.  It 
should  be  explained  that  sub-sample 
No.  1,  being  mostly  fat,  is  not  always 
used  in  the  computation  of  the  coeffi- 
cient of  variability.  The  salt  in  these 
three  hams  would  be  judged  to  be 
fairly  well  distributed  throughout  the 
meat,  although  it  is  most  uniformly 
distributed  in  ham  No.  3.  Inasmuch 
as  no  information  was  available  con- 
cerning the  manner  in  which  these 
hams  were  cured,  it  is  not  known 
what  factors  may  have  determined  the 
distribution  of  salt  in  them. 

In  Table  II  are  given  some  results 
obtained  with  hams  cured  by  the 
authors.  It  is  recognized  that  most 
of  these  hams  were  subjected  to  cure 
for  very  short  periods  and  admittedly 
were  not  well  cured,  but  they  are 
presented  here  for  purposes  of  illus- 
tration. None  of  these  hams  were 
smoked. 

The  results  show  how  at  the  end 
of  14  days  in  cure  the  salt  is  relatively 
concentrated  in  the  outer  portion  of 
the  ham.  Gradually  some  of  this  salt 
penetrates  to  the  inner  portion  where 
its  concentration  is  increased.  A  nu- 
merical picture  of  this  phenomena  is 
given  by  the  coefficients  of  variability 


Table  I:  Per  Cent  of  Salt  Dhtr.bution  in  Commercial  Hams 


Sample  No.  I,  slcin  side 

Sample  No.  2 

Sample  No.  3,  center 

Sample  No.  4 

Sample  No.  5.  outside 

Mean  salt  content •  ■ 

Coefficient  of  variability  of  salt. 


Table  U 


I 

8.7 
III 
11.2 
15.4 
18.1 
12.9 
24.6 


-Ham  Number- 
2 

2  9 


II 

7 

13 

13 

9 


4 
5 
7 
9 
8 


25.8 


3 

6.6 
16.5 
12.9 
18.1 
15.5 
13.9 
16.1 


Number 

of  days 

Method  of  cure  in  cure 

Dry-cured,  packed  in  salt 14 

Dry-cured,  packed  in  salt fO 

Bnne-cured,  90°  pickle 14 

Brine-cured,  90«»  pickle fO 

Brine-cured,  70*  pickle 1 J 

Brine-cured,  70°  pickle 20 

Brine-cured,  70*  pickle 28 

Brine-cured,  70*  pickle 35 

Brine-cured,  70°  pickle 42 


Coefficient  of 

variability  of 

salt 

117.5 
136.9 
124.1 
113.8 
157.4 
134.3 
101.3 

65.3 

54.6 


Salt  in  center,    Salt  in  outside, 
sub-sample        sub-sample 


(per  cent) 

0.6 
1.4 
1.0 
2.1 
0.8 
1.4 
1.4 
2.8 
3.8 


(per  cent) 

2.5 
27.7 
20.3 
26.4 
21.6 
24.7 
13.8 
13.4 
13.6 


which  decrease  in  value  as  the  salt 
becomes  equalized. 

THESE  facts  are  further  illus- 
trated by  the  results  given  in 
Tables  III  and  IV.  Pairs  of  hams 
from  the  same  hog  were  put  down  in 
cure  at  the  same  time,  one  analyzed 
upon  their  removal  from  cure  and  the 
other  held  for  30  da.ys  before  being 
analyzed,  during  which  time  it  was 
smoked. 

The  results  given  in  Tables  III  and 
IV  show  that  if  given  time  enough, 
the  salt  in  a  ham  will  become  well 
equalized  throughout  the  various  por- 
tions. With  hams  cured  from  26  to 
42  days  an  additional  aging  of  30  days 
gave  a  product  in  which  the  salt  was 
well  distributed. 

Further,  removal  of  the  ham  from 
the  cure  proper,  soaking  it,  and  smok- 
ing do  not  stop  the  process  of  salt 
equalization,  but  rather  it  continues 
even  through  the  process  of  smoking 
and  subsequent  aging.  Smoking  may 
possibly  hasten  salt  equalization  due 
to  the  exposure  of  the  meat  to  a 
higher  temperature.  Experimental 
hams  cured  differently  from  those 
cited  above  had  coefficients  of  varia- 
bility of  5  per  cent  or  less  after  com- 
bined curing  and  aging  periods  of 
from  120-130  days. 

Apparently,  from  all  of  the  results 
obtained  so  far,  the  method  of  curing 
has  little  influence  on  the  salt  equali- 
zation during  the  subsequent  aging 
period.  Dry  salting  and  brine  meth- 
ods differ  in  fundamental  details, 
however.  In  dry  curing  the  salt  is  all 
applied  to  the  meat  within  a  short 
time  after  the  starting  of  the  cure, 
and  thereafter  the  process  is  simply 
one  of  equalization  and  distribution  of 
the  salt  throughout  the  meat.  In 
brine  curing,  salt  is  being  taken  up 
from  the  brine  continuously  until  the 
meat  is  removed  from  it,  and  not  until 
this  time  does  absorption  of  salt  cease 
and  salt  equalization  continue  by  it- 
self. In  either  case  additional  aging: 
after  removal  from  the  cure  helps  t(^ 
produce  a  product  uniform  in  salt 
content. 


Table  III:     Dry-Cured  Hams 

{Curing  mixture  -  8  lb.  salt,  3  lb.  brown  swar,  3  ot.  saltpeter) 


Number 
of  days 
in  cure 

26 
26 
28 
28 
35 
35 
40 
40 
42 
42 


Number 
of  days 
held 

•  • 

30 

•  • 

30 

•  • 

30 

•  • 

30 

•  • 

30 


U 


Coefficient  of 
variability  of 
salt 

111.9 
12.7 
O.C 
15.9 
70.7 
12.2 
59.8 
8.4 
48.7 
11.0 


Salt  in  center, 

su  jHsample 

(per  cent) 

1.5 
10.3 

r.5 

8.8 
3.1 
9.0 
3.7 
9.7 
6.0 
10.7 


Salt  in  outside. 

sub-sample 

(per  cent) 

16.3 
14.0 
13.3 
11.9 
12.3 
10.8 
13.5 
11.8 
15.7 
9.7 


Table  IV:     Brine-Cured  Hams 

(Curing  mixture  —  8  lb.  tail,  3  .'6.  brown  sugar,  ?  "?. 
saltpeter  in  4  gal.  water,  used  for   100  lb.  meat). 


Number 

Number 

Coefficient  of 

of  days 

of  days 

variability  of 

m  cure 

held 

salt 

28 

•  • 

83.8 

28 

30 

3.2 

34 

a    • 

80.5 

34 

30 

33.2 

35 

•  • 

90.9 

35 

30 

17.8 

42 

•  • 

73.6 

42 

60 

6.4 

Salt  in  center     S.Alt  in  outside 


sub-sample 

Aub-sample 

(per  cent) 

(per  cent) 

2.1 

13.6 

9.3 

9.9 

3.1 

16.8 

7.0 

11.8 

2.9 

18.9 

10.6 

7.5 

3.2 

16.3 

12.2 

10.^ 
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ent  in  the  dry  matter.    It  is  seen  that 
the  lowest  coefficient  of  variabihty  is 
that  for  ham  No.  3,  where  there  is  the 
least   difference   in    salt   content   be- 
tween  the   various   sub-samples.      It 
should  be  explained  that  sub-sample 
No.  1,  being  mostly  fat,  is  not  always 
used  in  the  computation  of  the  coeffi- 
cient of  variability.    The  salt  in  these 
three  hams  would  be  judged  to  be 
fairly  well  distributed  throughout  the 
meat,  although  it  is  most  uniformly 
distributed  in  ham  No.  3.    Inasmuch 
as  no  information  was  available  con- 
cerning the  manner  in  which  these 
hams  were  cured,   it   is  not   known 
what  factors  may  have  determined  the 
distribution  of  salt  in  them. 

In  Table  II  are  given  some  results 
obtained  with  hams  cured  by  the 
authors.  It  is  recognized  that  most 
of  these  hams  were  subjected  to  cure 
for  very  short  periods  and  admittedly 
were  not  well  cured,  but  they  are 
presented  here  for  purposes  of  illus- 
tration.    None  of  these  hams  were 

smoked. 

The  results  show  how  at  the  end 
of  14  days  in  cure  the  salt  is  relatively 
concentrated  in  the  outer  portion  of 
the  ham.  Gradually  some  of  this  salt 
penetrates  to  the  inner  portion  where 
its  concentration  is  increased.  A  nu- 
merical picture  of  this  phenomena  is 
given  by  the  coefficients  of  variability 


button  in  Commercial  Hams 


I 

8.7 
111 
11.2 
15.4 
18.1 
12.9 
24.6 


-Ham  Number- 
2 

2  9 
11.4 

7.5 
13.7 
13.9 

9.8 
25.8 


3 

6.6 

16.5 
12.9 
18.1 
15.5 
13.9 
16.1 


1/ 


Coefficient  of  Salt  in  center,  Salt  in  outside, 

variability  of  Bub-eample  sub-sample 

salt  (per  cent)  (per  cent) 

117.5  0.6  2.5 

124.1  1.0  20.3 

157.4  0.8  21.6 

134  3  1.4  24.7 

'o'-^  l-J  lis 

54.6  3.8  13.6 


which  decrease  in  value  as  the  salt 
becomes  equalized. 

THESE  facts  are  further  illus- 
trated by  the  results  given  in 
Tables  III  and  IV.  Pairs  of  hams 
from  the  same  hog  were  put  down  in 
cure  at  the  same  time,  one  analyzed 
upon  their  removal  from  cure  and  the 
other  held  for  30  days  before  being 
analyzed,  during  which  time  it  was 

smoked. 

The  results  given  in  Tables  III  and 
IV  show  that  if  given  time  enough, 
the  salt  in  a  ham  will  become  well 
equalized  throughout  the  various  por- 
tions. With  hams  cured  from  26  to 
42  days  an  additional  aging  of  30  days 
gave  a  product  in  which  the  salt  was 
well  distributed. 

Further,  removal  of  the  ham  from 
the  cure  proper,  soaking  it,  and  smok- 
ing do  not  stop  the  process  of  salt 
equalization,  but  rather  it  continues 
even  through  the  process  of  smoking 
and  subsequent  aging.    Smoking  may 
possibly  hasten  salt  equalization  due 
to   the   exposure   of   the   meat   to   a 
higher    temperature.      Experimental 
hams   cured    differently    from   those 
cited  above  had  coefficients  of  varia- 
bility of  5  per  cent  or  less  after  com- 
bined  curing  and   aging  periods   of 
from  120-130  days. 

Apparently,  from  all  of  the  results 
obtained  so  far,  the  method  of  curing 
has  little  influence  on  the  salt  equali- 
zation  during  the   subsequent  aging 
period.    Dry  salting  and  brine  meth- 
ods   differ    in    fundamental    details, 
however.    In  dry  curing  the  salt  is  all 
applied  to  the  meat  within  a  short 
time  after  the  starting  of  the  cure, 
and  thereafter  the  process  is  simply 
one  of  equalization  and  distribution  of 
the    salt   throughout   the   meat.      In 
brine  curing,  salt  is  being  taken  up 
from  the  brine  continuously  until  the 
meat  is  removed  from  it,  and  not  until 
this  time  does  absorption  of  salt  cease 
and  salt  equalization  continue  by  it- 
self.    In  either  case  additional  aging 
after  removal  from  the  cure  helps  to 
produce  a   product  uniform   in   salt 
content. 


Reprinted  from  Journal  of  Bacteriology 
Vol.  31,  No.  3,  March,  1936 


THE  EFFECT  OF  ELECTROLYTES  PRESENT  IN  THE 

GROWTH  MEDIA  UPON  THE  ELECTROPHORETIC 

MOBILITY  OF  ESCHERICHIA  COLI^ 

J.  T.  PEDL0W2  AND  M.  W.  LISSE 

Department  of  Agricultural  and  Biological  Chemistry,   The  Pennsylvania  State 

College^  State  College,  Pennsylvania 

Received  for  publication,  August  12,  1935 
I.    INTRODUCTION 

A  number  of  articles  have  been  published  (Winslow,  et  al. 
1923,  1926)  in  which  the  effects  of  electrolytes  upon  the  elec- 
trophoretic  mobility  of  bacteria  have  been  reported.  In  these 
studies  the  organisms  were  grown,  separated  from  the  growth 
medium,  suspended  in  the  electrolyte  solution  under  investi- 
gation, and  the  velocity  of  migration  determined.  The  presence 
of  low  concentrations  of  electrolytes  increased  the  mobiUty  while 
higher  concentrations  decreased  the  mobility.  Analogous  re- 
sults for  non-living  adsorbents  are  well  known. 

Would  similar  results  be  obtained  if  bacteria  were  grown  in 
the  presence  of  electrolytes  or  would  the  bacterial  metaboUsm 
exercise  some  control  over  the  mobility?  This  study  attempts 
to  determine  this  point  and  is  of  importance  in  the  discussion 
of  possible  relationships  between  electrophoretic  mobiUty  and 
any  bacterial  property  or  activity. 

II.   EXPERIMENTAL   PROCEDURE 

A.  The  suspension.  Escherichia  coli  was  grown  in  a  2  per  cent 
aqueous  solution  of  Bacto-Peptone  to  which  had  been  added  the 

1  Publication  authorized  by  the  Director  of  the  Pennsylvania  Agricultural 
ExperimentStation,  June  11, 1935,  as  Technical  Paper  692.  .  ,.,.    ^„x  „r 

^Taken  from  a  thesis  submitted  by  the  senior  author  m  partial  f^lfil^"^^^*  ^^ 
the  requirements  for  the  degree  of  Doctor  of  Philosophy  at  The  Pennsylvama 

State  College. 
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amount  of  salt  necessary  to  give  the  desired  concentration.  The 
cultures  were  kept  overnight  at  37°C.  and  centrifuged  for  one 
hour.  The  supernatant  liquid  was  poured  off,  the  cells  thor- 
oughly mixed  with  distilled  water,  and  again  centrifuged. 
After  the  desired  number  of  washings  the  bacteria  were  sus- 
pended in  a  small  volume  of  distilled  water,  filtered  through  a 
small  washed  plug  of  cotton,  and  placed  in  a  refrigerator.  Before 
use  each  suspension  was  diluted  with  distilled  water  to  the  con- 
centration most  desirable  for  electrophoretic  readings. 

B.  The  determination  of  mobility.  The  mobility  was  deter- 
mined with  a  Northrop-Kunitz  micro-cataphoresis  cell  under  a 
potential  gradient  of  approximately  8.8  volts  per  centimeter. 
The  microscope  was  fitted  with  a  dark-field  condenser  and  gave 
a  magnification  of  460  diameters. 

The  readings  were  made  in  the  upper  half  of  the  cell  at  that 
depth  (0.211)  which  gives  actual  electrophoretic  velocities.  For 
each  sample  the  cell  was  filled  twice,  the  microscope  focused 
five  times  and  20  stopwatch  readings  taken  at  each  focus.  The 
average  of  these  100  readings  was  calculated  to  micra  per  second 
per  volt  per  centimeter. 

Control  determinations  were  made  with  untreated  bacteria  at 
the  beginning  and  at  the  end  of  each  set  of  samples.  Because 
of  the  excellent  agreement  between  values  obtained  for  the  two 
controls,  however,  the  second  came  to  be  considered  unnecessary. 

C.  Washing  of  bacteria.  A  study  was  made  of  the  effect  upon 
the  electrophoretic  mobiUty  of  washing  the  organisms  with  water. 
This  was  done  with  bacteria  grown  in  media  containing  no  added 
electrolyte  (blanks)  and  in  media  containing  CaCl2  and  Na2S04. 
Except  in  this  study  all  cultures  were  washed  once. 

D.  Growing  time.  To  ascertain  the  precision  with  which  the 
growing  time  would  have  to  be  controlled,  an  investigation  of 
the  mobiUty  of  organisms  varying  in  age  from  3  to  35  hours  was 
made.  All  other  cultures  were  grown  approximately  for  22 
hours. 

E.  pH  determinations.  These  were  made  colorimetrically 
using  chlorophenol  red. 
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III.    EXPERIMENTAL   RESULTS   AND    DISCUSSION 

A.  Washing  studies.  Organisms  centrifuged  from  the  growth 
medium  and  suspended  in  water  were  considered  to  have  had 
^^zero''  washing.  Other  samples  were  washed  1,  2,  3,  and  4 
times.     The  results  are  given  in  table  1  and  the  averages  in 

figure  1. 

The  values  for  the  blanks  are  practically  constant  for  1,  2,  3, 
and  4  washings.  For  subsequent  investigation,  therefore,  one 
washing  was  adopted  as  the  standard  procedure. 

TABLE  1 

Effect  of  washing  upon  electrophoretic  mobility 


NUMBER  OF  WASHINGS 

0 

1 

2 

3 

4 

Blanks ^ 

1.66 
1.82 

2.23 
2.16 

2.23 
2.22 

2.18 
2.25 

2.34 
2.22 

Avpracre     

1.74 

2.20 

2.22 

2.21 

2.28 

CaCU  0  01  molar { 

0.94 
0.96 

1.86 
1.60 

2.05 
1.81 

2.27 
2.05 

2.24 
2.20 

Average 

0.95 

1.73 

1.93 

2.16 

2.22 

Na9S0A  0  5  molar ' 

2.42 
2.38 

2.75 
2.61 

2.44 

2.48 

2.32 
2.36 

2.29 
2.32 

k 

Average 

2.40 

2.68 

2.46 

2.34 

2.31 

Each  determined  value  represents  the  average  of  100  readings  expressed  in 
/x/second  per  volt/centimeter. 

It  appears  from  figure  1  that  in  the  growth  media  the  mobiUties 
of  the  bacteria  were  less  than  those  observed  for  "zero"  washmg. 
It  also  appears  that  one  washmg  removes  the  electrolytes  m  the 
case  of  the  blank  but  not  where  CaCU  or  Na2S04  were  used. 
If  the  calcium  and  the  sulphate  ions  were  preferentially  ad- 
sorbed, their  gradual  removal  by  washing  would  explam  the 
difference  in  behavior  noted  for  CaCU  and  Na2S04. 

The  fact  that  the  mobiUties  eventually  obtained,  through  con- 
tinued washmg  of  the  treated  and  untreated  bacteria,  were  prac- 
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tically  identical  indicates  that  the  salts  had  produced  no  irre- 
versible change  in  the  nature  of  the  bacterial  surface. 

B.  Growing  time.    Possible  changes  in  electrophoretic  mobility 
due  to  differences  in  the  growing  time  were  sought  with  media 


E 
o 


Mt^sa 


BU»k 


CaCU^ 
L- 


1 


1 


0  I  n 

No-  of  \/\/ashin^s 

Fig.  1 


1 


TABLE  2 

Relation  of  growing  time  to  electrophoretic  mobility 


3 

HOURS 

6 

HOURS 

10 

HOURS 

15 

HOURS 

21 

HOURS 

28 

HOURS 

36 

HOURS 

Blanks I 

2.29 
2.20 

2.22 
2.22 

2.22 
2.25 

2.26 
2.26 

2.27 
2.24 

2.26 

2.26 

Average 

2.25 

2.22 

2.23 

2.26 

2.26 

2.26 

2.26 

Na2HP04  0.1  molar < 

1.73 
1.70 

1.61 
1.69 

1.85 

1.73 
1.84 

1.87 
1.89 

1.90 
1.96 

Average 

1.72 

1.65 

1.85 

1.78 

1.88 

1.93 

Each  determined  value  represents  the  average  of  100  readings  expressed  in 
M/second  per  volt/centimeter. 

containing  no  added  electrolyte  and  with  media  0.1  molar  with 
respect  to  Na2HP04.    The  results  are  given  in  table  2. 

The  results  for  blanks  show  no  change  with  growing  time. 
Although  the  Na2HP04-containing  media  produced  a  sUght  up- 
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ward  trend  in  migration  velocity,  the  change  is  hardly  significant 
when  compared  with  the  data  reported  by  Shibley  (1924)  for  a 
Type  1  pneumococcus  and  for  Salmonella  paratyphi  B.  He  re- 
ported an  increase  in  mobiUty  to  a  maximum  at  about  10  hours 
followed  by  a  decrease  to  a  constant  value  after  about  15  hours. 
Shibley's  findings  are  apparently  not  of  general  applicability. 
Kahn  and  Schwarzkopf  (1931)  working  with  the  tubercle  bacillus 
found  that  yoimger  cultures  have  a  higher  mobility  than  older 
cultures.  The  ages  of  their  cultures  varied,  however,  from  four 
days  to  five  weeks  so  that  the  results  are  not  strictly  comparable. 
The  increased  mobiUty  obtained  might  have  been  due  to  a 
decrease  in  the  active  concentration  of  Na2HP04  brought  about 
by  bacterial  metabohsm  rather  than  to  any  direct  effect  of  the 
age  of  the  culture. 

C.  pH  values.  It  has  not  been  possible  to  correlate  the  pH 
values  secured  with  any  changes  in  electrophoretic  mobiUty. 
The  pH  values  varied,  as  would  be  expected,  with  the  multipli- 
cation of  the 'bacteria;  old  cultures  showed  greater  changes  from 
the  original  than  young  cultures,  and  luxuriant  growth  produced 
greater  changes  than  meager  growth.  After  the  growth  of  the 
bacteria  the  values  were  all  on  the  alkaUne  side  of  neutrality 
with  the  maximum  at  pH  8.4.  The  data  of  Winslow  and  Upton 
(1926)  show  practically  constant  migration  velocities  for  coU 
from  pH  6.0  to  pH  8.5  and  the  values  obtained  all  fall  withm 
this  pH  range.  Accordingly  it  is  concluded  that  changes  in 
migration  velocity  were  not  produced  by  changes  in  pH. 

D.  Salt  studies.  1.  Blanks.  The  results  obtained  for  the 
blanks  (read  before  the  treated  samples)  show  as  an  average  of 
2,740  stopwatch  readmgs  a  migration  velocity  of  2.29  /x/seconds 
for  unit  potential  gradient.  The  second  blank  (read  after  the 
treated  samples)  gave  the  same  value  for  the  average  of  1,240 
individual  readmgs.  Of  the  62  blanks  determmed  only  one 
showed  a  greater  deviation  than  ±5  per  cent  from  the  aver- 
age value  of  2.29  M/seconds  per  volt/centimeter.  This  one 
value  was  6.6  per  cent  too  low.  The  conclusions  are  therefore 
drawn  that  the  reading  technic  is  adequate  to  give  reproducible 
results,  that  differences  in  the  data  are  not  due  to  the  readmg 
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TABLE  3 

Effect  of  salts  on  electrophoretic  mobility 


SALT 

CONCENTRATION 

CHANGE  FROM 

O.OOOOIM 

O.OOOIM 

O.OOIM 

O.OIM 

0.05M 

O.IM 

0.5M 

l.OM 

AVERAGE  2.29 

Na2HP04 

2.11 

2.37 

2.22 

1.94 

1.76 

1.33 

2.14 

2.23 

2.15 

1.85 

1.52 

1.33 

2.35 

2.36 

2.36 

1.90 

1.76 

2.34 

2.33 

2.32 

1.88 

1.80 

Average. . . 

2.24 

2.32 

2.26 

1.89 

1.71 

1.33 

Decrease 

CaCl2 

2.23 

2.17 

2.14 

1.83 

1.76 

1.76 

2.25 

2.13 

2.13 

1.82 

1.52 

1.52 

2.15 

2.09 

1.79 

1.34 
1.33 
1.75 
1.74 

1.32 
1.65 
1.71 
1.76 

Average. . . 

2.24 

2.15 

2.12 

1.81 

1.57 

1.62 

Decrease 

NaCl 

2.24 

2.03 

2.22 

2.18 

2.24 

2.49 

2.56 

2.25 

2.27 

2.27 

2.46 

2.53 

2.54 

?.19 

2.37 

2.64 

2.70 

2.58 

2.75 

2.22 

2.62 

2.59 

2.59 

Average.. . 

2.25 

2.25 

2.48 

2.51 

2.55 

2.83 

Increase 

NaaSO* 

2.31 

2.21 

2.25 

2.47 

2.67 

2.67 

3.00 

2.31 

2.23 

2.37 

2.42 

2.55 
2.80 
2.52 

2.69 
2.69 
2.58 

2.79 

Average. . . 

2.31 

2.22 

2.31 

2.45 

2.63 

2.66 

2.90 

Increase 

Nal 

2.29 

2.24 

2.17 

2.13 

2.15* 

2.27 

2.23 
2.24 

2.21 
2.26 

2.14 

2.28 

2.23* 

Average.. . 

2.28 

2.24 

2.21 

2.18 

2.19* 

Slight     de- 
crease 

*  0.25M. 

Each  determined  value  represents  the  average  of  100  readings  expressed  in 
M/second  per  volt/centimeter. 

technic,  and  that  the  organism  can  be  grown  over  a  long  period 
of  time  without  change  in  zeta  potential. 


2.  Effect  of  salts.  The  results  are  given  in  table  3  and  figure  2. 
The  lowest  values  obtained  (0.5  m  Na2HP04)  represent  a  de- 
crease in  migration  velocity  of  41.9  per  cent;  the  highest  value 
(1.0  M  Na2S04),  an  increase  of  26.5  per  cent. 

The  results  for  the  individual  samples  receiving  the  same  treat- 
ment show  in  most  cases  a  fairly  good  agreement  one  with 
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another,  but  in  a  few  instances,  such  as  the  higher  concentrations 
of  CaCl2,  considerable  differences  are  evident.  Attempts  were 
made  to  correlate  the  different  values  with  the  age  of  the  culture, 
the  age  of  the  suspension,  the  age  of  the  distilled  water  used, 
and  the  pH  of  the  growth  medium,  but  no  relationship  could  be 
established. 
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No  significant  change  in  mobility  has  been  accomplished  by 
the  addition  of  Nal  to  the  growth  medium.  It  is  difficult  to 
beUeve  that  this  salt  had  no  effect  upon  the  mobility  of  the 
colon  bacilli,  but  what  did  happen  is  not  clear. 

E.  General  discussion,  Electrophoretic  potential  varies  di- 
rectly with  the  thickness  of  the  electrical  double  layer  and  with 
the  density  of  the  charge  on  the  particle.  Abramson  and  Muller 
(1933)  indicate  that  in  low  concentrations  of  electrolytes  the 
charge  per  unit  area  is  the  more  important  factor  in  determining 
electrokinetic  behavior,  while  in  higher  concentrations  the  thick- 
ness of  the  double  layer  is  the  more  important  factor.  The 
explanation  of  the  results  obtained  in  the  washing  experiments 
seems  to  depend  on  both  of  these  factors.  In  the  various  growth 
media  the  thickness  of  the  double  layer  was  very  probably  con- 
siderably decreased  and  the  immediate  result  of  replacing  the 
growth  medium  by  water  (zero  washing)  should  be  an  increase 
in  the  thickness  of  the  double  layer  with  a  resultant  increase  in 
mobility.  In  subsequent  washings  the  density  of  the  charge  on 
the  particles  seems  to  be  the  factor  largely  responsible  for  further 
changes  in  mobility. 

From  the  increased  mobility  encountered  with  NaCl  and 
Na2S04  it  appears  that  the  high  concentrations  of  these  two  salts 
in  the  growth  media  produce  an  increased  charge  density.  This 
high  charge  density  together  with  the  increased  thickness  of  the 
double  layer,  brought  about  by  washing,  would  produce  the  high 
mobilities  recorded. 

The  decreased  mobility  produced  with  such  dissimilar  salts  as 
Na2HP04  and  CaCU  would  seemingly  be  due  to  a  decreased 
charge  density.  With  the  CaCU  a  decrease  in  the  negativity  of 
the  charge  on  the  bacterial  surface  undoubtedly  occurred,  but 
whether  the  Na2HP04  acted  in  a  similar  manner  is  not  evident 
even  though  similar  results  were  noted. 

To  explain  adequately  the  differences  found  among  the  various 
salts  used  would  require  a  knowledge  of  the  relative  adsorbability 
of  the  ions  involved  and  also  the  active  concentrations  of  these 
ions  in  the  suspensions  studied.  In  view  of  these  considerations 
it  is  not  surprising  that  the  data  presented  do  not  follow  the 
curves  mentioned  in  the  introduction. 


The  results  obtained  in  this  investigation  raise  a  question  as 
to  the  validity  of  many  of  the  conclusions  arrived  at  in  bacterial 
electrophoresis.  It  has  been  a  common  practice  to  suspend 
washed  bacteria  in  water  and  to  determine  the  migration  velocity 
of  the  organisms.  From  such  data  conclusions  are  drawn  and 
classifications  are  made  in  attempts  to  correlate  virulence,  age 
of  culture,  strain  of  organism,  etc.,  with  electrophoretic  mobiUty. 
The  data  accumulated  here  indicate  the  improbability  of  any 
direct  relationship  existing  between  the  mobility  of  bacteria 
suspended  in  water  and  the  mobility  of  these  same  bacteria  in 
their  normal  environment. 

rV.   SUMMARY 

A  study  was  made  to  ascertam  the  effects  upon  the  electro- 
phoretic mobility  of  Escherichia  coli  of  the  presence  of  electrolytes 
in  the  growth  media.    The  following  conclusions  seem  justified. 

1.  The  washing  with  water  of  colon  baciUi  grown  in  peptone 
broth  and  in  peptone  broth  containing  CaCU  increases  the  elec- 
trophoretic migration  velocity  to  a  constant  value. 

2.  The  washing  with  water  of  colon  bacilli  grown  m  peptone 
broth  contaming  Na2S04  first  increases  and  then  decreases  the 
migration  velocity  to  the  same  constant  value  mentioned  in  (1). 

3.  Contrary  to  results  reported  for  other  bacteria,  the  elec- 
trophoretic mobility  of  colon  bacilli  is  not  greatly  influenced  by 
the  age  of  the  culture  up  to  28  hours. 

4.  The  technic  used  gives,  for  colon  bacilli  cultured  over  a 
considerable  period  of  time  m  peptone  solution,  average  values 
reproducible  within  ±5  per  cent. 

5.  The  pH  changes  which  took  place  did  not  change  the  elec- 

trophoretic  mobility. 

6  Under  the  conditions  of  this  experiment,  the  electrophoretic 
mobility  can  be  mcreased  or  decreased  by  the  presence  of  certam 

salts  in  the  growth  medium. 

7  The  well  known  mobility-concentration  curves  determined 
with  salts  present  in  the  suspension  media  were  not  obtamed  m 
this  study. 
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Part  I.     Description,  Theory,  and  Theoretical  Advantages  of  the 

New  Cell 

Recent  electrophoretic  studies  have  involved  the  use  of  closed  type  cells, 
of  either  rectangular  or  circular  cross  section.  The  theory  and  use  of  such 
cells  have  recently  been  reviewed  by  Abramson  (1).  In  both  of  these 
types  the  hquid  returns  along  the  axis  of  the  cells,  the  velocity  of  the  liquid 
being  a  parabolic  function  of  the  depth.  The  actual  electrophoretic 
velocity  can  be  obtained  from  observations  at  certain  depths.  However, 
at  these  depths  the  velocity  gradient  is  large;  the  observed  velocity  changes 
rapidly  with  depth,  and  inaccuracy  results. 

The  new  cell  described  in  this  paper  consists  of  two  tubes  in  parallel 
between  the  electrodes,  the  dimensions  of  the  tubes  having  a  relation  such 
that  return  flow  takes  place  only  through  the  tube  of  larger  radius ;  there  is 
no  movement  of  the  liquid  along  the  axis  of  the  tube  of  smaller  radius, 
hence  the  velocities  observed  at  the  one-half  depth  in  this  tube  are  the 
actual  electrophoretic  velocities.  At  this  depth  the  velocity  gradient  is 
zero,  so  that  a  slight  inaccuracy  in  determining  the  depth  of  observation 
produces  no  appreciable  change  in  the  observed  velocity  of  the  particles. 

description   of   APPARATUS 

Diagrams  of  the  apparatus  are  shown  in  figure  1.  The  essential  parts  of 
the  apparatus  are  two  fused  quartz  tubes,  Ti  and  T2,  used  in  parallel,  two 
end  tubes  having  stopcocks  for  filling  the  apparatus,  and  electrodes. 

The  dimensions  of  these  two  quartz  tubes  should  have  the  relation 

L2/L1  =  AKA'  -  2) 

1  The  data  in  this  paper  are  taken  from  a  thesis  submitted  by  Margaret  E.  Smith 
to  the  Faculty  of  the  Pennsylvania  State  College  in  partial  fulfillment  of  the  require- 
ments for  the  degree  of  Doctor  of  Philosophy,  June,  1935. 

2  Authorized  on  July  27,  1935  for  publication  as  Paper  No.  698  in  the  Journal  Series 
of  the  Pennsylvania  Agricultural  Experiment  Station. 
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where  A  =  R2/Rh  and  L2,  Li,  i^2,  and  Ri  are  the  lengths  and  radii  of  tubes 
T2  and  Ti,  respectively.  The  development  of  this  equation  is  given  in  the 
section  concerned  with  the  theory  of  the  cell.^ 

The  procedure  followed  to  obtain  tubes  of  the  correct  dimensions  was 
as  follows:  Tube  1  was  ordered  according  to  certain  specifications,^  viz.,  a 
capillary  tube  of  good  optical  quaUty  fused  quartz,  outer  diameter  approxi- 
mately 3  mm.,  bore  0.5-0.7  mm.,  three  sides  of  the  tube  to  be  ground  off 
giving  two  parallel  planes  and  one  at  right  angles  to  these,  thus  allowing  for 
observation,  and  for  illumination  either  from  the  side  or  from  underneath 
as  desired.     A  diagram  of  the  cross  section  of  the  tube  is  also  shown  in 
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Fig.  1.  Diagrams  of  the  new  double-tube  cell  for  determination  of 

electrophoretic  mobilities 

figure  1.     The  dimensions  permissible  for  the  cross  section  of  this  tube  are 
limited  by  the  working  distance  of  the  optical  equipment  to  be  used. 

The  bore  of  tube  1  was  carefully  determined  by  calculation  from  the 
length  and  weight  of  a  column  of  mercury  placed  in  the  tube.  Then  a 
length  of  tubing  was  ordered  from  the  stock  supply  of  fused  quartz  tubing, 
with  the  specification  that  its  bore  should  be  uniform,  and  within  the  range 
of  1.5  to  1.6  times  that  of  tube  1.  The  bore  of  this  tube  was  determined 
in  the  same  manner  as  described  for  tube  1,  and  the  desired  length  cut  ofif 
for  tube  2. 

3  The  authors  are  indebted  to  Dr.  Turner  L.  Smith  of  the  Carnegie  Institute  of 
Technology,  Pittsburgh,  Pennsylvania,  for  the  suggestion  of  the  new  cell  and 
development  of  the  theory  concerning  it. 

*  The  quartz  tubes  were  obtained  from  the  Thermal  Syndicate,  Ltd.,  Brooklyn, 
New  York. 
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Thus,  if  Ti  has  a  length  of  10  cm.,  a  radius  of  0.3  mm.,  and  T2  has  a 
radius  of  0.48  mm.,  the  length  of  T2  is  given  by 

L2  =  10  X  1.62(1.62  -  2) 

or  L2  =  14.34  cm. 

It  is  essential  that  tubes  1  and  2  be  of  the  same  material,  since  develop- 
ment of  the  theory  of  the  cell  assumes  like  surface  conditions  in  the  two 
tubes.  Quartz  was  selected  for  these  tubes,  since  (a)  an  optically  good 
plane  surface  can  be  obtained  through  grinding  and  poUshing  of  the  quartz, 
and  (b)  the  indices  of  refraction  of  quartz  and  water  are  more  alike  than 
those  of  glass  and  water,  hence  there  should  be  less  distortion  of  the 

images. 

The  quartz  tubes  were  then  inserted  into  two-hole  rubber  stoppers, 
making  sure  that  the  two  tubes  were  far  enough  apart  so  that  the  larger 
tube  would  not  interfere  with  the  use  of  the  objective  and  condenser  on 
the  microscope,  and  sealed  into  the  stoppers  with  deKhotinsky  cement. 

The  end  tubes  were  of  Pyrex  glass  tubing,  with  Pyrex  glass  stopcocks 
added  for  fiUing.  The  exact  dimensions  used  are  not  important;  in  this 
case  the  length  was  approximately  12  cm.  and  the  bore  1.8  cm. 

The  electrodes  used  were  circular  platinum  disks,  with  wires  attached 
leading  through  the  rubber  stoppers  for  connecting  to  the  source  of  poten- 
tial. In  case  solutions  are  used  in  which  polarization  occurs  readily,  non- 
polarizable  electrodes  should  be  used. 

OPERATION   OF   CELL 

Operation  of  the  cell  involves  the  same  technic  as  in  the  operation  of 
other  cells  for  microscopic  observation  of  electrophoretic  movement,  except 
that  the  microscope  is  focused  on  the  one-half  depth  in  the  tube  of  smaller 
radius.     Hence  the  procedure  is  discussed  here  only  in  brief. 

An  apparatus  resting  on  three  leveling  screws  was  built  for  holdmg  the 
cell;  this  gave  a  simple  means  of  adjustment  for  getting  the  plane  of  the 
cell  parallel  to  the  surface  of  the  condenser.  After  the  cell  is  filled  with 
suspension  and  placed  in  position  the  electrodes  are  connected  to  the 
source  of  potential.  A  double-throw  switch  allows  for  frequent  reversal 
of  the  current,  thus  preventing  polarization.  A  milliammeter  may  be 
connected  in  series  with  the  cell  if  desired. 

The  mobility  of  the  particles  (velocity  per  unit  potential  gradient)  can 
be  determined  if  the  potential  gradient  is  known.  Since  the  radn  of  tubes 
T,  and  T2  are  much  less  than  the  radii  of  the  end  tubes,  for  most  work  the 
fall  of  potential  through  the  end  tubes  can  be  neglected.  Then  the  poten- 
tial gradient  through  the  tube  where  observation  is  made  is  given  by 
E/lI  where  E  is  the  total  fall  in  potential  between  the  elec  rodes  measured 
with  a  voltmeter  in  parallel  with  the  cell,  and  U  is  the  length  of  T^. 
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If  a  greater  degree  of  accuracy  is  warranted,  the  potential  gradient  can  be 
calculated  more  exactly  from  the  dimensions  of  the  apparatus.  The  use 
of  this  method  in  reference  to  electrophoretic  cells  is  discussed  by  North- 
rop (3).  Measurement  of  the  current  allows  for  another  method  of  calcu- 
lating the  potential  gradient;  this  method  is  discussed  by  Abramson  (1). 

For  cleaning  the  apparatus,  the  rubber  stoppers  are  removed  from  the 
end  tubes.  The  two  quartz  tubes  are  left  sealed  in  the  two-hole  stoppers. 
These  tubes  can  be  filled  with  water,  alcohol,  ether,  or  cleaning  solution  as 
desired  with  the  aid  of  a  hypodermic  syringe;  also,  if  desired,  a  small  wire 
(insulated,  thus  preventing  scratching  of  the  surface)  can  be  passed  through 
the  tubes.  The  end  tubes  and  the  electrodes  are  also  cleaned.  Thorough 
rinsing  of  the  apparatus  is  very  important,  since  small  traces  of  electro- 
lytes markedly  affect  electrophoretic  potentials. 

THEORY   OF   THE   CELL 

1 .  General  theory  of  electrosmotic  flow  in  tubes 

The  theory  of  electrophoresis  cells  assumes  that  the  liquid  is  electrically 
neutral  except  for  a  charged  layer  lying  very  close  to  the  wall  of  the  cell. 
The  electric  field  which  is  applied  causes  motion  in  this  layer;  this  is 
defined  as  electrosmosis.  Owing  to  the  viscosity  of  the  fluid,  the  motion  of 
this  layer  induces  a  motion  of  the  entire  fluid  in  the  cell.  This  motion  is 
assumed  to  be  both  steady  and  nonturbulent. 

The  theory  of  tubular  electrophoresis  cells  may  be  derived  in  the  follow- 
ing manner.  Consider  the  portion  of  the  liquid  inside  a  cylinder  coaxial 
with  the  tube  but  of  smaller  radius.  Electrosmotic  movement  of  the 
liquid  results  in  a  difference  in  pressure  at  the  ends  of  the  tubes;  the  re- 
sultant force  acting  on  the  ends  of  the  cylindrical  portion  of  the  fluid  is 
just  balanced  by  the  shearing  stress  on  the  cylindrical  surface,  caused  by 
the  viscosity  and  thus  proportional  to  the  rate  of  change  of  velocity  with 
the  radius.     This  balance  is  expressed  by  the  equation 


which  gives  on  integration 


2wrLrj^  =  irr'P 
ar 


Vw  = 


4r;L 


r^+  C 


(1) 


in  which  Vw  denotes  the  velocity  of  the  liquid,  P  the  difference  in  hydro- 
static pressure  at  the  ends  of  the  tube  of  length  L,  r;  the  coefficient  of  vis- 
cosity of  the  liquid,  and  r  the  radius  of  the  tube  of  flow  being  considered. 
This  equation  is  the  fundamental  equation  for  flow  of  liquids  in  tubes;  its 
development  is  found  in  treatises  concerned  with  hydrodynamics  of  liquids 
(see  Lamb  (2)). 


In  the  case  being  considered,  the  constant  C  can  be  evaluated  from  the 
condition  that  the  velocity  of  the  liquid  at  the  wall  of  the  tube  is  the 
electrosmotic  velocity;  that  is,  when  r  =  R^vw  =  VeE/L,  where  R  denotes 
the  radius  of  the  tube,  Ve  the  electrosmotic  mobility  of  the  liquid,  E  the 
applied  electromotive  force,  and  L,  as  above,  is  the  length  of  the  tube. 
Hence  equation  1  becomes 


•'  -  ifi  *'"  -''"'+¥ 


(2) 


The  total  volume,  W,  of  liquid  transported  per  unit  time  across  any 
section  is  given  by 


W 


\r^- 


2'Kr  Ar 


Substituting  in  this  the  value  of  Vw  given  in  equation  2,  and  integrating, 
we  obtain 


W 


,  (V,E      PR'\ 


(3) 


Equations  2  and  3  are  the  general  equations  for  the  velocity  of  elec- 
trosmotic flow  of  liquids  and  the  volume  of  liquid  transported  by  elec- 
trosmosis in  cylindrical  tubes. 

^,  Theory  of  electrophoresis  in  a  single  closed  tube 

The  observed  velocity,  Fobsd.,  of  a  particle  at  any  depth  in  the  tube  will 
be  the  sum  of  the  actual  electrophoretic  velocity,  [/,  and  the  velocity  of 
the  liquid,  i.e., 

Fobsd.  =  C/  +  %  (4) 

In  a  single  closed  tube,  the  total  volume  of  liquid  transported  in  one 
direction  is  zero.  When  TT  =  0,  from  equations  2  and  3  we  obtain  the 
equation  for  the  velocity  of  the  liquid  in  a  closed  tube 


Vw  = 


47?L 


{"  -  f ) 


(5) 


The  depths  at  which  there  is  no  movement  of  the  liquid  are  found  by 
setting  vn  =  0  in  equation  5;  this  gives 

Focusing  at  these  depths,  the  observed  velocity  is  the  actual  electrophoretic 
velocity  of  the  particles. 


I; 
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Actual  electrophoretic  velocities  can  also  be  obtained  in  another  manner, 
thus, 


R  rn  Ch 

Fobsd.  •  27rr  dr  =    /     U  -  27rr  dr  +    /     v^^  2irr  dr 

0  Jo  Jo 


(6) 


In  a  closed  tube  the  total  volume  of  liquid  transported,  represented  by 
the  last  term  in  the  preceding  equation,  is  zero;  hence  equation  6  becomes 


(7) 


ft2 


Therefore,  bj^  taking  readings  at  various  depths  in  the  cell,  an  approxi- 
mation of  the  actual  electrophoretic  velocity  can  be  obtained. 

By  substituting  r  =  0  and  r  =  R  in  turn  in  equation  5,  it  appears  that 
the  velocity  of  the  Hquid  at  the  axis  of  the  tube  is  equal  in  magnitude  but 
opposite  in  direction  to  the  velocity  of  the  liquid  at  the  wall  of  the  tube, 
i.e.,  to  the  electrosmotic  velocity,  VeE/L.  Hence  by  use  of  equation  4  we 
obtain 


VeE/L  =  (7  -  y'obsd. 


(8) 


where  y'obsd.  is  the  observed  particle  velocity  in  the  single  tube  cell  at 
depth  r  =  0.  Thus  the  electrosmotic  velocity  can  be  calculated  if  the 
observed  particle  velocity  at  the  one-half  depth  and  the  electrophoretic 
velocity  are  known. 

3.  Theory  of  cell  consisting  of  two  tubes  in  parallel 

Consider  two  tubes  of  different  radii  in  parallel  between  two  electrodes. 
Let  Ti  denote  the  tube  of  smaller  radius,  and  T2  that  of  larger  radius.  The 
general  equations  2  and  3  for  the  velocity  and  volume  of  liquid  transported 
apply;  subscripts  will  be  used  to  refer  to  the  dimensions  of  these  two  tubes, 
as  Li  for  the  length  of  I'l,  Ri  its  radius,  etc.  The  actual  electrosmotic 
mobility,  F^,  will  be  the  same  in  both  tubes,  since  the  tubes  are  of  the  same 
material;  also,  the  applied  e.m.f.  and  the  difference  in  pressure,  denoted  by 
E  and  P,  respectively,  will  be  the  same  in  both  tubes. 

The  total  volume  of  liquid  transported  in  one  direction  in  the  two  tubes 
is  zero;  hence  from  equation  3  we  obtain 


W 


ttRI/ 


V.E  - 


PR\\ 
Sv  J 


+ 


-kR 


( 


V,E  - 


PR 

8jj 


)  = 


0 


(9) 


We  wish  to  determine  conditions  such  that  there  will  be  no  movement  of 
liquid  along  the  axis  of  the  smaller  tube.  The  velocity  at  this  depth  can 
be  obtained  by  setting  r  =  0  in  equation  2.     This  gives 


Vw  along  axis  of  Ti  =  —  -j—^  +     ^ 


4:7]  Li  Li 


(10) 


When  this  velocity  =  0, 


V.E  = 


PR\ 
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(11) 


This  value  substituted  in  equation  9  gives  on  simplification 


RiIj2-\-  2R2R1L1  —  R^Li  =  0 


Solving  this  for  Lg, 


L,  = 


LiiR^  —  22^1^2) 


(12) 


Let  the  ratio  of  the  radii,  Ri/Rh  be  denoted  by  A.     Then  equation  12 
can  be  written  in  the  form, 


L2/L1  =  A'(A'  -  2) 


(13) 


If  tubes  are  used  whose  dimensions  satisfy  the  relations  given  in  equation 
13,  there  will  be  no  movement  of  liquid  along  the  axis  of  the  smaller  tube; 
velocities  observed  at  this  depth  will  be  the  actual  electrophoretic  velocities 
of  the  particles. 

THEORETICAL  ADVANTAGES  OF  THE  NEW  CELL 

According  to  the  development  of  the  theory  as  given,  velocity  of  liquid 
in  tubes  due  to  electrosmosis  is  a  parabolic  function  of  the  depth;  this  is 
evident  from  the  general  equation  2,  which  is  of  the  type  Vw  =  Ar^  +  By 
the  constants  A  and  B  being  dependent  on  conditions  in  the  tubes  used. 

Equation  5  gives  the  equation  for  velocity  of  liquid  in  a  single  closed 
tube.  This  is  a  parabola,  with  the  velocity  at  the  maximum  equal  in 
magnitude  but  opposite  in  direction  to  the  electrosmotic  velocity  of  the 
liquid.  Curves  for  cylindrical  tube  type  cells  are  given  by  Abramson  (1). 
At  depths  given  by 

at  which  actual  electrophoretic  velocities  are  obtained,  the  velocity  gradient 
(change  in  velocity  with  depth)  is  large;  hence  inaccurate  results  are 
obtained  if  a  slight  error  in  focusing  is  made. 

The  same  condition  is  present  at  the  levels  used  for  observation  m  a 
single  cell  of  rectangular  cross  section;  in  such  a  cell  velocities  are  obtained 
at  approximately  the  one-fifth  and  four-fifths  depths,  at  which  depths 
velocity  changes  rapidly  with  depth. 
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For  the  new  cell  the  condition  was  stipulated  that  there  should  be  no 
movement  of  the  liquid  at  the  axis  of  the  tube  of  smaller  radius.  The 
velocity  of  the  liquid  in  this  tube  expressed  as  a  function  of  the  radius  can 
be  obtained  from  equations  2  and  11 ;  this  is 

Vw  =  PriV4r7Li 

This  corresponds  to  a  parabola  with  the  maximum  at  the  points  where 
r  =  0,  and  Vw  =  0.     It  is  evident  that  the  velocity  gradient,  dvw/dri,  is 

also  zero  at  this  point. 

The  observed  velocity  of  the  particles  is  the  algebraic  sum  of  the  elec- 
trophoretic  velocity  and  the  velocity  of  the  liquid.  Assuming  that  the 
clcctrophoretic  velocity  is  constant,  it  is  evident  that  the  Fobsd.-depth 
curve  is  a  parabola  of  the  same  general  form  as  the  Vw-depih  curve;  the 
coordinates  of  the  maximum  for  this  curve  in  the  new  cell  are  r  =  0 
and  Fobsd.  =  Uj  and  the  velocity  gradient  at  this  point  is  zero. 

Theoretical  advantages  of  the  new  cell  in  comparison  with  a  single  tube 
cell  are  dependent  on  the  fact  that  electrophoretic  velocities  are  determined 
at  the  maximum  of  the  velocity  observed-depth  curve.  They  may  be  listed 
as  follows:  (a)  The  proper  depth  for  observation  is  readily  found;  since 
observations  are  made  at  the  depth  where  the  particle  velocity  is  greatest, 
a  few  readings  above  and  below  this  depth  aid  in  checking  the  correct  level, 
(b)  A  slight  error  in  focusing  does  not  result  in  appreciable  errors  in 
velocities,  since  change  in  velocity  with  depth  is  small  at  points  near  the 
correct  level,  (c)  Depth  of  field  of  view  is  not  as  important  a  factor  as 
in  the  case  of  a  single  closed  tube,  in  which  particles  at  a  slightly  different 
level  have  noticeably  different  velocities,  (d)  Rotational  effects  on  parti- 
cles are  at  a  minimum,  since  the  velocity  gradient  near  the  level  of  observa- 
tion is  small.  This  particular  advantage  suggests  the  use  of  a  cell  of  this 
type  for  studies  on  larger  particles  where  the  effect  of  change  in  velocity 
with  depth  is  a  factor  which  must  be  considered. 

SUMMARY 

1.  A  new  electrophoresis  cell  for  microscopical  observations  of  particle 
velocities  is  described;  this  consists  of  two  tubes  in  parallel  between  the 
electrodes.  By  extension  of  the  general  theory  of  electrosmotic  flow  of 
liquid  in  tubes,  it  is  shown  that  the  flow  of  liquid  at  the  one-half  depth  in 
the  tube  of  smaller  radius  can  be  eliminated  if  the  dimensions  of  the  two 
tubes  have  a  definite  relation  to  each  other.  Hence,  the  observed  particle 
velocities  at  this  depth  are  the  actual  electrophoretic  velocities,  from  which 
the  mobilities  can  be  calculated. 

2.  In  this  new  cell  electrophoretic  velocities  are  given  at  the  maximum 
of  the  parabolic  curve  expressing  velocity  as  a  function  of  depth.  Advan- 
tages resulting  thereby  are:  (a)  DiflSculty  in  focusing  is  alleviated,  since 
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the  observed  velocity  is  a  maximum  at  the  correct  level,  (b)  SUght  errors 
in  focusing,  or  errors  due  to  depth  of  field  of  view  of  the  microscope,  are  less 
important  than  in  a  single  tube  cell,  since  the  velocity  gradient  is  small 
near  the  correct  level  of  observation,  (c)  Rotational  effects  of  the  hquid 
are  less  in  the  case  of  the  new  cell,  since  change  of  velocity  with  depth  is  at  a 
minimum  at  the  depth  of  observation. 

Part  II.  Experimental  Comparison  of  the  New  Cell  and  a  Cylin- 
drical Tube  Cell 

As  a  means  of  confirming  the  theory  and  construction  of  the  new  cell, 
the  electrophoretic  mobility  of  quartz  particles  in  distilled  water  was 
determined  by  three  different  methods,  as  follows:  (a)  In  the  new  cell, 
actual  electrophoretic  mobilities  being  determined  from  observations  at  the 
one-half  depth  in  the  tube  of  smaller  radius,  (b)  In  a  single-tube  cell, 
actual  mobilities  being  obtained  from  observations  at  depths  where  theo- 
retically there  should  be  no  movement  of  the  liquid,  (c)  In  a  single- 
tube  cell,  observing  at  various  depths,  and  obtaining  an  approximate 
value  for  the  electrophoretic  mobiUty. 

experimental  procedure  and  results 

General  technic 

Pieces  of  quartz  tubing  (the  same  material  as  used  in  the  quartz  tubes 
of  the  new  electrophoresis  cell)  were  cleaned  with  cleaning  solution, 
thoroughly  rinsed  with  distilled  water,  then  with  triply  distilled  water, 
dried,  and  ground  in  an  agate  mortar.  A  suspension  of  this  powder  was 
made  in  triply  distilled  water;  this  was  allowed  to  settle  for  about  four 
hours,  after  which  the  upper  portion  was  siphoned  off  and  used  for  the 
experiments.  The  quartz  particles  in  this  portion  of  the  suspension  were 
therefore  small  enough  to  stay  suspended  for  some  time. 

Observation  was  made  in  Ti  (see  description  of  the  new  cell  given  m 
Part  I),  used  either  as  a  single-tube  cell  or  in  parallel  with  T^.    The  cell 
was  carefully  cleaned  before  using,  and  thoroughly  rinsed,  including  two 
rinsings  with  triply  distilled  water  previous  to  filling  with  the  suspension 
The  optical  combination  consisted  of  a  lOx  ocular,  a  21x  (8  mm.  0.50) 
objective,  and  a  cardioid  condenser  giving  dark-field  illumination.     Obser- 
vations  of  the  velocities  were  made  and  mobilities  calcu  ated  the  potential 
gradient  being  given  with  sufficient  accuracy  by  E/Lr,  where  E  is  the 
applied  E.M.F.  and  L.  is  the  length  of  T,    Experiments  were  carried  out  at 
room  temperature  and  corrected  to  a  temperature  of  25°C.  on  the  assump- 
tion that  electrophoretic  velocity  varies  inversely  as  the  viscosity  of  the 
medium,  i.e.,  Uv  =  constant.     This  would  appear  probable  for  suspension 
of  quartz  particles,  at  least  for  the  small  range  of  temperature  (25-29  C.) 
concerned  in  the  experiments. 


408 


MARGARET   E.    SMITH   AND   MARTIN   W.   LISSE 


ELECTROPHORESIS   CELL   FOR   MICROSCOPIC   OBStiRVATIOKS 


409 


Series  I 

Six  experiments  were  carried  out  using  the  new  cell.  Each  experiment 
consisted  of  one  hundred  observations  on  a  suspension  of  quartz  parti- 
cles prepared  as  previously  described;  the  current  was  reversed  in  order  to 
prevent  polarization  after  each  set  of  five  readings,  the  microscope  re- 
focused  after  twenty  readings,  and  the  cell  refilled  with  fresh  suspension 
after  sixty  readings.  The  mobilities  were  calculated,  and  the  arithmetic 
mean  (A.M.)  and  standard  deviation  (S.D.)  of  the  values  determined;  these 
values  were  then  corrected  for  a  temperature  of  25°C. 

TABLE  1 

Electrophoretic  mobilities  of  quartz  particles  in  distilled  water  at  25°C.  as  determined  at 
depths  where  there  was  no  movement  of  the  liquid  in  the  new  celly 

and  in  a  single- tube  cell 


A.M 

•  AND  S.D.f  OF  MOBILITIES  IN  /u/SEC./VOLT/CM. 

EXPT.  NO. 

Series  I— 

-New  cell 

Series  II — Single-tube  cell 

A.M. 

S.D. 

A.M. 

S.D. 

1 

3.55 

0.24 

2.84 

0.60 

2 

2.93 

0.31 

2.76 

0.63 

3 

3.07 

0.21 

3.56 

0.42 

4 

3.14 

0.14 

3.00 

0.42 

5 

2.68 

0.24 

2.83 

0.25 

6 

3.39 

0.22 

2.73 

0.22 

Sum 

18.76 

17.72 

A.M 

3.13 

2.95 

*  A.M.  =  arithmetic  mean, 
t  S.D.  =  standard  deviation. 


Series  II 


This  series  consisted  of  six  experiments,  using  Ti  as  a  single-tube  cell. 
The  technic  followed  was  the  same  as  in  series  I,  velocities  being  observed 
at  the  depth  where  there  was  no  movement  of  the  liquid,  i.e.,  where 

r=±|V2 

In  the  first  two  experiments  of  the  series,  half  of  the  observations  were 
made  at  the  upper  level,  and  half  at  the  lower.  In  experiments  3,  4,  5,  and 
6,  values  were  obtained  at  the  upper  level  only. 

Experimental  results  of  series  I  and  II  are  given  in  table  1. 


Series  III 

Each  of  the  three  experiments  in  this  series  consisted  of  observations 
taken  at  levels  differing  by  50  p,  throughout  the  depth  of  the  cell,  from  ten 
to  forty  observations  being  taken  at  each  level.  From  these  observations 
the  arithmetic  mean  of  mobilities  for  each  level  was  calculated.  The 
mobilities  at  different  levels  plotted  against  depth  resulted  in  curves  of 
parabolic  form;  the  mean  mobilities  of  the  maxima  of  these  curves, 
obtained  where  r  =  0,  were  6.53,  6.24,  and  5.61  p  per  second  per  volt  per 
centimeter,  respectively,  giving  a  mean  mobility  for  the  three  experiments 
of  approximately  6.1  m  per  second  per  volt  per  centimeter.  At  the  walls 
of  the  tubes  the  particles  moved  in  the  opposite  direction,  the  mean  mobili- 
ties for  the  three  experiments  giving  values  of  —2.66  and  -3.10  p  per 
second  per  volt  per  centimeter  at  depths  oi  +R  and  -  ii  respectively. 

TABLE  2 

Electrophoretic  mobilities  of  quartz  particles  in  distilled  water  at  25°C.,  as  determined 
in  a  single-tube  cell  from  observations  obtained  at  various  levels  in  the  cell 


EXPT.  NO. 

MOBILITY  IN  /u/SEC./vOLT/CM. 

1 

2 
8 

2.37 
2.16 
2.13 

Sum 

6.66 

A.M 

2.22 

Electrophoretic  velocity  is  given  by  equation  7.    A  rough  approxima- 
tion of  this  velocity  is  given  by 


r=R 


U  =  -f^,J)V„^.i.-rdr 


=  0 


This  approximation  is  readily  seen  to  be  inaccurate  unless  observations 
are  taken  at  a  large  number  of  levels,  since  it  gives  no  weight  to  the  value 
of  the  velocity  at  the  axis  of  the  tube,  where  r  =  0,  and  give«""due  em- 
phasis to  the  value  at  the  wall  of  the  tube,  where  r  =  R.  A  better  niethod 
of  approximation  consists  in  the  use  of  the  average  of  the  mobilities 
observed  at  depths  differing  by  dr.  Values  of  mobilities  so  calculated 
for  the  three  experiments  in  this  series  are  given  in  table  2. 

DISCUSSION  OF  RESULTS 

Examination  of  the  data  in  table  1  indicates  that  P^'^^"^  Jf;^^^"!^ 
values  of  mobilities  are  given  in  the  two  cells.    The  value  of  the  arithmetic 
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mean  of  the  mean  mobilities  for  the  six  series  of  experiments  of  series  I  is 
3.13  fJL  per  second  per  volt  per  centimeter  with  a  standard  deviation  of 
=b  0.31  M  per  second  per  volt  per  centimeter,  and  for  the  six  experiments  of 
series  II,  2.95  =b  0.31  /x  per  second  per  volt  per  centimeter;  hence  there  is 
no  significant  difference  in  the  mobilities,  as  found  in  the  two  cells,  greater 
than  that  which  might  be  expected  from  the  amount  of  variation  in  the 
experiments  comprising  a  series.  The  mobility  of  quartz  particles  in  triply 
distilled  water  at  25°C.  as  obtained  by  these  two  methods  is  therefore 
approximately  3.0  m  per  second  per  volt  per  centimeter. 

The  electrosmotic  velocity  of  the  liquid  is  equal  to  the  difference  be- 
tween the  electrophoretic  velocity  of  the  particles  and  the  maximum 
observed  velocity  of  the  particles  in  the  single  tube  (see  equation  8) ;  there- 
fore the  electrosmotic  velocity  of  the  liquid  in  the  present  case  is  3.0  -  6.1 
or  —3.1  M  per  second  per  volt  per  centimeter.  With  consideration  of  the 
relatively  high  experimental  error  inherent  in  experiments  of  the  type  con- 
cerned, these  results  seem  to  substantiate  the  theory  that  the  electro- 
phoretic mobility  of  the  particles  is  equal  in  magnitude  to  the  electro- 
phoretic mobiUty  of  the  Uquid. 

Comparison  of  mobilities  given  in  table  2  with  those  given  in  table  1 
shows  that  mobilities  as  obtained  in  the  single-tube  cell  by  means  of  obser- 
vations taken  at  various  levels  in  the  cell  are  not  equal,  within  the  experi- 
mental error,  to  those  obtained  in  the  new  cell  or  in  the  single-tube  cell 
at  depths  of  ±RV2/2. 

A  plausible  explanation  of  the  different  results  obtained  with  the  third 
method  would  seem  to  be  that  values  not  conforming  to  the  theoretical 
values  are  obtained  near  the  walls  of  the  tube.  Evidence  in  direct  support 
of  this  is  disclosed  by  examination  of  the  data  obtained  in  the  three  series 
of  experiments.  Since  the  electrosmotic  mobility  and  the  electrophoretic 
mobility  appear  to  be  equal  in  magnitude  but  opposite  in  direction,  we 
should  expect  that  there  would  be  no  movement  of  the  particles  at  the  wall 
of  the  tube.  Experimentally,  however,  the  particles  at  the  walls  were 
observed  to  move  in  the  opposite  direction  from  those  at  the  axis  of  the 
tube.  On  the  basis  that  the  velocities  should  have  been  zero  at  the  walls 
of  the  tube,  the  experimental  values  there  determined  were  neglected,  and 
the  curves  drawn  to  meet  the  axis,  giving  Fobid.  =  0  at  distances  r  =  +R 
and  -  Rj  respectively.  By  interpolation  of  the  values  obtained  at  distances 
of  50  M  from  the  walls,  and  use  of  the  values  as  obtained  experimentally 
at  the  other  depths,  approximation  of  mobilities  by  the  method  previously 
employed  gave  values  of  2.87,  2.93,  and  3.03  m  per  second  per  volt  per  centi- 
meter, respectively,  for  the  three  experiments.  These  values  are  in  the 
range  of  mobilities  as  obtained  by  the  other  two  methods.  This  method 
of  calculation  of  mobilities  is  not  to  be  recommended  for  general  use, 
however;  it  depends  on  the  assumption  that  the  electrophoretic  mobility 
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of  the  particles  is  equal  to  the  electrosmotic  mobility  of  the  liquid,  a  condi- 
tion which  would  be  expected  to  occur  only  in  cases  where  the  wall  of  the 
tube  and  the  particles  are  of  the  same  material,  and  has  not  been  found  to 
occur  in  all  of  these  cases.  Moreover,  the  method  of  interpolation  does  not 
give  accurate  results,  since  it  is  not  known  how  far  the  influence  of  the  wall 
extends.  Another  objection  to  the  method  lies  in  the  large  number  of 
observations  which  must  be  made  to  obtain  an  approximation  of  the  desired 

accuracy. 

The  advantages  of  the  new  cell  in  comparison  with  the  single-tube  cell, 
in  both  cases  observations  being  made  at  the  depths  where  theoretically 
there  is  no  movement  of  the  liquid,  are  apparent  from  a  consideration  of 
the  values  of  standard  deviations  obtained  in  the  experiments  of  series  I 
and  II;  these  are  given  in  columns  3  and  5  of  table  1.     Standard  deviation 
is  an  index  of  variance,  i.e.,  it  indicates  how  closely  the  values  obtained  are 
grouped  about  the  arithmetic  mean.    The  standard  deviations  found  for 
the  first  two  experiments  in  series  II,  in  which  values  were  observed  at  both 
the  upper  and  lower  levels  in  the  single-tube  cell,  are  much  greater  than 
the  values  of  standard  deviations  obtained  with  the  new  cell.     These  high 
values  probably  came  from  failure  to  focus  on  the  correct  levels;  it  is  diffi- 
cult to  find  the  correct  levels  such  that  readings  at  the  upper  and  lower 
depths  agree.     It  is  also  difficult  to  obtain  readings  at  the  lower  level, 
therefore  readings  in  the  other  four  experiments  of  the  series  were  taken 
at  the  upper  level  only.     In  all  cases  the  microscope  was  refocused  after 
each  set  of  twenty  readings.     The  values  of  standard  deviations  m  experi- 
ments 3  and  4  of  series  II  are  also  higher  than  those  for  the  new  cell, 
probably  owing  to  the  readings  having  been  obtained  at  slightly  different 
levels      In  the  last  two  experiments  of  this  series  standard  deviations  are 
not  greater  than  with  the  new  cell,  indicating  that  observations  were  made 
at  approximately  the  same  level  throughout  the  experiment;  however, 
since  these  observations  were  made  only  at  the  upper  level,  it  is  difficult  to 
be  sure  that  the  correct  level  was  used.    The  uniformity  of  the  values  o 
standard  deviations  obtained  in  the  experiments  with  the  new  cell  (series  I) 
make   its   advantages   apparent.     The  correct  level  for  observation  is 
obtained  readily;  moreover,  small  differences  in  levels  of  ^bser^^^^^^  j^ 
not  introduce  large  errors  in  the  observed  values.     For  results  of  a  certain 
degree  of  accuracy  a  smaller  number  of  observations  is  justifiable  with  the 
new  cell  than  with  a  single  tube  cell. 

CONCLUSIONS 

1.  Values  of  electrophoretic  mobilities  of  finely  ground  quartz  particles 
in  triply  distilled  water  obtained  in  the  new  double-tube  cell  agreed  w.thm 
the  experimental  error  with  values  as  determmed  m  a  smgle  cyhn^^^^^^^ 
tube,  in  both  cases  observations  being  made  at  depths  where  theoretically 
there  should  be  no  movement  of  the  liquid. 
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2.  Values  of  electrosmotic  mobilities  obtained  with  a  single  cylindrical 
tube  from  observations  made  at  various  levels  in  the  cell  did  not  agree  with 
values  as  obtained  by  the  other  two  methods.  Experimental  evidence 
suggests  that  erroneous  values  are  obtained  in  the  walls  of  the  tube. 

3.  The  approximate  electrophoretic  mobility  of  quartz  particles  in 
triply  distilled  water  as  obtained  by  the  two  methods  which  agreed  within 
experimental  error  was  3.0  n  per  second  per  volt  per  centimeter. 

4.  The  value  of  electrosmotic  mobility  of  water  in  quartz  tubes  as 
obtained  from  these  experiments  was  approximately  —  3.1  m  per  second 
per  volt  per  centimeter. 

5.  Consistency  of  experimental  results  with  the  new  double-tube  cell 
indicates  the  advantages  of  the  new  cell. 
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Recent  researches  concerned  with  the  effects  of  x-rays  on  bac- 
teria have  for  the  most  part  considered  rates  of  killing  and  the 
theory  of  action  on  a  sensitive  zone.  The  mechanism  of  action  is 
not  clear,  however;  certain  studies  seem  to  indicate  that  factors 
other  than  direct  action  on  a  sensitive  zone  are  involved. 

In  the  elucidation  of  this  problem,  changes  at  the  surfaces  of 
the  bacteria  need  to  be  considered.  It  is  evident  that  x-rays  may 
affect  the  distribution  of  ions  at  the  surface,  with  a  probable 
resultant  change  in  surface  charge  and  electrokinetic  potential. 
A  means  of  approach  to  the  problem  is  through  the  study  of 
electrophoretic  mobilities  of  the  particles.  Reports  of  such 
studies  in  the  Uterature  have  been  few  in  number.  Lisse  and 
Tittsler  (1931)  found  that  irradiation  of  Escherichia  coli  with 
ultraviolet  Ught  resulted  in  death  with  an  accompanying  decrease 
in  electrophoretic  velocity.  Dozois  et  al  (1932)  reported  no 
change  either  in  viabiUty  or  in  electrophoretic  velocity  of  Esch- 
erichia coli  after  irradiation  in  an  aqueous  suspension  using  a 
Coolidge-type  molybdenum-target  x-ray  tube,  the  x-rays  being 

1  The  data  in  this  paper  are  taken  from  a  thesis  submitted  by  Margaret  E. 
Smith  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philos- 
ophy in  the  Department  of  Agricultural  and  Biological  Chemistry,  The  Penn- 
sylvania State  College. 

Authorized  for  publication  on  July  27,  1935,  as  paper  No.  699  in  the  Journal 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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filtered  only  by  the  lime-glass  window  of  the  tube  and  the  wall  of 
the  celluloid  vessel  containing  the  suspension.  As  a  general  rule, 
x-rays  seem  to  be  lethal  to  bacteria.  In  apparent  contradiction 
to  the  absence  of  lethal  effects  noted  by  Dozois  et  aZ.,  Wyckoff 
(1930)  had  found  that  Escherichia  coli  spread  on  the  surface  of 
nutrient  agar  were  killed  by  direct  exposure  to  x-rays  from  a 
molybdenum  target,  the  only  filter  being  the  Lindemann  glass 
window  of  the  tube.  With  these  studies  in  mind  and  the  object 
of  determining  whether  death  through  the  agency  of  x-rays  was 
accompanied  by  a  change  in  the  electrophoretic  velocity,  the  pro- 
cedure determined  upon  in  the  present  research  was  to  irradiate 
the  bacteria  on  the  surface  of  nutrient  agar,  noting  the  lethal 
action,  and  observing  any  changes  in  electrophoretic  mobilities 
resulting  from  such  irradiation. 

APPARATUS  AND  TECHNIQUE 

Bacteria.  The  bacteria  used  were  from  a  strain  of  Escherichia 
coli  grown  on  nutrient  agar  slants.  For  purposes  of  experimen- 
tation some  bacteria  were  removed  from  these  slants  into  sterile 
water  and  thence  to  the  surface  of  nutrient  agar  in  Petri  dishes, 
and  incubated  at  37°C.  for  18  to  24  hours.  For  irradiation  the 
glass  cover  of  the  Petri  dish  was  replaced  by  a  lead  cover  with  a 
hole  for  the  admission  of  the  x-rays.  A  section  of  the  irradiated 
portion  was  used  subsequently  for  the  electrophoretic  experiments 
on  irradiated  bacteria,  and  a  similar  section  of  the  part  protected 
by  the  lead  cover  was  used  for  the  experiments  on  non-irradiated 
bacteria,  thus  ensuring  Uke  conditions  of  growth  for  the  two 

samples. 

X-ray  apparatus.  Two  different  x-ray  tubes  were  used:  (1) 
A  CooUdge-type  water-cooled  molybdenum-target  tube,  having 
a  lime-glass  window;  (2)  a  copper  target  'ThiUips  Structure  Re- 
search Tube,''  the  window  of  this  tube  being  of  Lindemann  glass. 
Voltage  in  each  case,  supplied  by  means  of  alternating  current  and 
transformer  with  the  tube  itself  acting  as  rectifier,  was  30  KV. 
(root  mean  square)  as  determined  by  a  voltmeter-coil  on  the  core 
of  the  high  voltage  transformer ;  the  tube  current  was  maintained 
at  21  to  22  ma.     The  distance  from  the  target  to  the  bacteria  on 


the  surface  of  the  agar  was  approximately  13  cm.  By  means  of 
the  two  tubes  and  the  additional  use  of  a  filter  three  types  of 
radiation  were  produced,  theoretically  of  the  following  quality: 
(1)  Mo  characteristic  K  radiation  together  with  general  radiation 
of  wave  lengths  longer  than  0.3  A  (approx.),  with  the  exception 
that  the  longer  wave  lengths  were  cut  out  to  some  extent  by  the 
lime-glass  window  of  the  tube ;  (2)  Cu  characteristic  K  radiation 
with  general  radiation  longer  than  0.3  A. ;  (3)  essentially  Cu  Ka 
radiation,  obtained  from  the  copper  target  tube  with  the  inter- 
position of  a  nickel  filter  approximately  0.5  mil.  (0.01  mm.)  in 
thickness  and  two  celluloid  filters  each  approximately  1  mil. 
(0.02  mm.)  in  thickness.  The  intensity  of  radiation  from  the 
molybdenum  target  tube  was  not  determined ;  intensities  from  the 
copper  target  tube  without  and  with  the  filters  as  measured  with 
an  open  air  ionization  chamber^  placed  at  the  level  used  for 
irradiation  of  bacteria  were  approximately  950  and  440  r  per 
minute  respectively. 

Suspensions.  Bacteria,  either  from  an  irradiated  or  from  a 
non-irradiated  section  of  the  agar  plate,  were  removed  by  a  small 
stream  of  distilled  water  from  a  wash-bottle.  The  suspension  was 
shaken  up  with  glass  beads,  filtered  through  cotton  to  remove 
clumps,  and  diluted  with  distilled  water  to  the  desired  density  for 
electrophoretic  studies.  The  suspension  was  stored  in  a  rubber 
stoppered  Pyrex  glass  flask  in  the  laboratory  until  use,  the  end  of 
the  experimentation  period  being  not  more  than  three  hours  after 
preparation  of  the  suspension.  Determinations  of  pH  were 
made  by  the  LaMotte  method  using  bromthymol  blue  as  an 
indicator.  Since  values  so  obtained  were  within  the  range  in 
which  Winslow  and  Upton  (1926)  found  velocity  to  be  independent 
of  pH,  and  since  no  correlation  was  found  in  the  present  studies, 
data  concerning  the  pH  of  suspensions  are  not  reported. 

Electrophoresis  cells.  A  cell  of  the  Northrop-Kunitz  type  was 
used  in  part  of  the  research;  the  theory  and  use  of  such  cells  has 
recently  been  reviewed  by  Abramson  (1934).  After  sufficient 
readings  had  been  made  at  both  the  upper  and  lower  ^  ^stationary 

2  The  ionization  chamber  was  kindly  loaned  by  Dr.  G.  Failla  of  the  Memorial 
Hospital,  New  York  City. 
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levels''  to  make  certain  that  the  correct  depth  was  found,  readings 
were  made  only  at  the  upper  level.  One  hundred  observations 
of  velocities  were  obtained  for  each  experiment,  reversing  the 
polarity  after  each  set  of  5,  refocusing  the  microscope  after  20, 
and  refilling  the  cell  with  fresh  suspension  after  40  or  60  readings. 
The  electrophoretic  velocity  of  a  particle  is  customarily  recorded 
as  mobility — i.e.,  velocity  per  unit  potential  gradient.  Since  the 
cell  used  did  not  have  the  auxiUary  electrodes  needed  to  measure 
the  fall  of  potential  through  the  cell  itself,  an  estimate  of  this 
value  was  obtained  from  the  dimensions  of  the  apparatus. 
Hence,  mobiUties  as  reported  with  this  cell  are  in  reaUty  only 
approximate  mobiUties. 

A  new  ' 'double  tube"  cell  was  developed  and  used  for  most  of 
the  experimental  work;  the  description,  theory  and  advantages 
of  this  cell  are  presented  elsewhere  (Smith  and  Lisse,  1936). 
Briefly,  it  consists  of  two  tubes  in  parallel  between  the  electrodes, 
the  dimensions  of  the  tubes  having  a  relation  to  each  other  such 
that  no  flow  of  liquid  occurs  along  the  axis  of  the  tube  of  smaller 
radius,  and  therefore  velocities  at  that  depth  are  the  actual  elec- 
trophoretic velocities  of  the  particles.  The  procedure  of  reversing 
polarity,  refocusing  the  microscope  and  refilUng  with  fresh  sus- 
pension as  used  in  the  work  with  the  Northrop-Kunitz  cell  was 
followed.  In  some  cases,  however,  a  total  of  only  60  or  80  read- 
ings were  taken  in  one  experiment;  a  smaller  number  is  permis- 
sible, since  there  is  less  variation  in  the  readings  taken  with  this 
cell,  due  to  the  fact  that  observations  are  made  at  the  level  where 
the  velocity  gradient  is  minimum.  From  these  observations 
values  designated  as  actual  mobiUties  were  calculated,  the  poten- 
tial gradient  through  the  cell  being  given  with  sufficient  accuracy 
by  EjL^  where  E  is  the  fall  of  potential  between  the  electrodes 
as  measured  with  a  voltmeter,  and  L  is  the  length  of  the  tube  of 
smaller  radius. 

RESULTS    OF    EXPERIMENTS    ON    LETHAL    ACTION    OF    X-RAYS 

A  series  of  experiments  were  carried  out  primarily  to  determine 
whether  the  bacteria  as  used  in  the  electrophoresis  studies  were 
killed  through  the  action  of  x-rays.     The  technique  used  in  most 


of  the  experiments  was  similar  to  that  used  by  Wyckoff  (1930), 
the  bacteria  being  spread  on  the  surface  of  nutrient  agar,  a  section 
irradiated,  and  counts  made  of  the  number  of  colonies  developing 
on  an  irradiated  section  and  on  a  control  section  of  equal  area. 
Table  1  gives  the  results  of  these  experiments,  each  number  being 
the  average  of  percentages  obtained  from  10  or  more  counts  from 
irradiated  sections  and  from  an  equal  number  of  control  sections. 
Conclusions  concerning  rates  of  kilUng  cannot  be  made  from  the 
data,  due  to  insufficient  number  of  experiments  and  also  to  the 
fact  that  voltage  and  current  were  not  sufficiently  well  controlled 
to  allow  for  quantitative  results,  particularly  in  the  cases  of  short- 

TABLE  1 

Percentage  of  surviving  organisms  (Esch.  coli)  after  exposure  to  x-rays  of  different 
nature  for  various  periods  of  time,  from  J  to  120  minutes 


TYPE  OF  RADIATION 

PERIOD  OF  IRRADIATION 

Mo  K  characteristic 
+  general 

Cu  K  characteristic 
+  general 

CuK„ 

minutes 

i 

1 

6 
10 

20 

120 

per  cent 

m 
It 

0 

per  cent 

48 

m 

0 
0 

0 

per  cent 

60 

S 

1 
0 
0 

Intensity  in  r  per 

minute 

950 

440 

time  irradiation.    However,  allowing  for  the  differences  in  intensi- 
ties used,  the  results  are  of  the  same  order  as  those  given  by 

Wyckoff. 

Five  experiments  were  concerned  with  the  lethal  effects  of 
copper  characteristic  K  and  general  radiation  on  Escherichia  coli 
in  aqueous  suspension.  These  showed  that  while  the  rays  were 
lethal,  the  rate  of  kilUng  was  much  less  than  when  the  bacteria 
were  exposed  dkectly.  Since  it  is  apparent  (see  table  1)  that 
x-rays  from  the  molybdenum  target  are  far  less  lethal  than  are 
those  from  the  copper  target,  an  explanation  of  the  absence  of 
lethal  effects  noted  by  Dozois  et  al  (1932)  may  be  that  insufficient 
dosages  were  given  to  make  the  effects  observable. 


280 


M.    E.    SMITH,   M.   W.   LISSE   AND   W.    P.   DAVEY 


EFFECT   OF  X-RAYS   ON   ESCHERICHIA   COLI 


281 


Further  experiments  showed  that  irradiation  of  the  medium 
and  subsequent  covering  of  the  surface  of  the  agar  with  Escher- 
ichia coli  did  not  result  in  death  of  the  bacteria;  and  also  that 
the  lethal  effects  of  copper  radiation  are  cut  off,  or  at  least  greatly 
diminished,  by  the  interposition  of  the  glass  cover  of  the  Petri 
dish  between  the  x-rays  and  the  bacteria. 

For  the  electrophoresis  studies,  the  surface  of  the  agar  was 
covered  with  a  more  dense  suspension  than  for  the  above  studies ; 
the  bacteria  were  grown  for  24  hours  at  37°C.  before  irradiation, 
thus  being  in  colony  form.  Sub-cultures  were  also  made  from 
these  Eradiated  sections  and  incubated  to  determine  the  presence 
of  viable  cells.  Conclusions  from  the  lethal  studies  which  are  of 
particular  interest  in  the  electrophoresis  studies  are : 

1.  Twenty-minute  exposure  of  Escherichia  coli  to  Cu  character- 
istic K  and  general  radiation,  or  to  Cu  Ka  radiation  resulted  in 
death  of  all  of  the  bacteria  in  the  irradiated  section  on  an  agar 
plate,  either  in  the  case  where  the  bacteria  were  spread  out  on 
the  plate,  or  where  colony  formation  was  present. 

2.  Twenty-minute  exposure  to  Mo  characteristic  K  and  gen- 
eral radiation  did  not  result  in  death  of  all  of  the  bacteria  in  the 

irradiated  section. 

3.  Long-time  irradiation,  with  any  of  the  three  types  of  radia- 
tion used,  resulted  in  death  of  all  of  the  bacteria  on  the  irradiated 
section. 

EXPERIMENTAL   RESULTS   OF   ELECTROPHORESIS   STUDIES 

Five  series  of  experiments  concerned  with  electrophoretic  mo- 
biUties  of  irradiated  and  non-irradiated  bacteria  were  performed. 
The  irradiated  bacteria  were  suspended  in  distilled  water  in  the 
manner  previously  described ;  conditions  of  irradiation  for  the  five 
series  were  as  follows:  in  series  I,  the  bacteria  were  exposed  for 
20  minutes  to  radiation  from  the  molybdenum  target  tube,  and 
in  series  II  to  unfiltered  radiation  from  the  copper  target  tube 
for  20  minutes;  in  series  III  and  IV,  the  same  two  types  of  radia- 
tion were  used  respectively,  but  the  period  of  exposure  was  120 
minutes;  series  V  consisted  of  240-minute  exposure  to  Cu  Ka 
radiation. 


Each  series  comprised  10  pairs  of  experiments,  the  Northrop- 
Kunitz  cell  being  used  for  8  pairs  of  experiments  in  series  I  and 
7  pairs  in  series  II,  and  the  new  cell  for  the  remainder.  A  pair 
of  experiments  consisted  of  the  60  to  100  observations  on  bacteria 
taken  from  the  irradiated  section  of  the  plate,  and  also  of  the  same 
number  of  observations  on  the  non-irradiated  bacteria  obtained 
from  a  protected  portion  of  the  same  plate.  In  each  pair  of 
experiments,  conditions  of  growth  of  bacteria,  suspension  medium, 
the  cell  used  and  temperature  were  practically  identical.  The 
mobility  in  the  case  of  the  new  cell,  or  the  approximate  mobility 
in  the  case  of  the  Northrop-Kunitz  cell  corresponding  to  each 
observed  velocity,  was  calculated,  and  the  mean  mobility — i,  e., 
arithmetic  mean  (A.M.)  of  the  60  to  100  values  was  determined. 

Frequency  distribution  diagrams  of  the  mobilities  obtained  in 
the  experiments  indicated  that  the  data  for  an  experiment  tend 
to  conform  to  the  normal  distribution  curve ;  it  appeared  that  the 
calculation  of  standard  deviation^  (S.D.)  might  be  of  value.  Two 
advantages  of  such  determinations  were  made  use  of  in  the  accu- 
mulation of  data.  The  value  obtained  serves  as  a  criterion  for 
data  which  need  to  be  examined  critically  and  perhaps  discarded, 
since  an  unusually  high  value  might  result  from  errors  such  as 
focusing  on  different  levels,  or  drifting  in  one  direction.  Further- 
more, use  of  the  standard  deviation  gives  information  as  to  the 
number  of  values  which  should  be  determined  in  any  experiment 
for  the  desired  amount  of  accuracy.  Since  variation  in  readings 
with  the  new  cell  tended  to  be  less  than  with  the  Northrop-Kunitz 
cell,  a  smaller  number  of  observations  was  justified. 

Table  2  gives  the  values  of  the  mean  mobiUties  and  the  standard 
deviations  calculated  for  the  10  pairs  of  experiments  in  series  I. 

The  per  cent  change  in  mobility  resulting  from  irradiation  in 
series  I,  calculated  from  the  values  of  the  arithmetic  means  of  the 

»  Standard  deviation  is  defined  by: 


S.O. .  ^S^' 


where  X  -  A.M.  is  the  difference  between  a  value  X  and  the  mean,  and  N  is  the 
number  of  values  of  X. 


I<!  i 
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mean  mobilities  for  the  irradiated  and  non-irradiated  samples 
(see  table  2)  is  —2.8  per  cent.  The  customary  method  of  treat- 
ing data  of  electrophoretic  mobilities  has  been  to  select  a  more  or 
less  arbitrary  per  cent  change  as  the  hmit  of  experimental  error 
to  be  allowed.  In  selecting  this  value,  factors  such  as  the  number 
of  experiments  performed  and  the  amount  of  variation  of  values 

TABLE  2 

The  mohilities  of  irradiated  and  non-irradiated  Esch.  coli  in  aqueous  solutions 
Conditions  of  irradiation:  Mo  x-rays  from  Coolidge  type  tube  operating  at 
30  KVr.m  B,  22  ma.,  impinging  for  20  minutes  on  bacteria  spread  on  surface  of  agar, 
distance  13  cm. 


CELL  USED 

A.M.  AND  8.D.  OF  MOBILITIES  IN  m/SEC./vOLT/cM. 

PAIR  NUMBER 

Non-irradiated 

Irradiated 

A.M. 

S.D. 

A.M. 

S.D. 

(1) 

(2) 

(8) 

(4) 

(5) 

(6) 

1 

2 
8 

4 
5 

7 
8 
0 

10 

N.K.* 
N.K. 
N.K. 
N.K. 

Newt 

New 

N.K. 

N.K. 

N.K. 

N.K. 

3.23 
3.62 
3.76 
3.75 
3.70 
4.03 
3.33 
3.34 
3.33 
3.23 

0.29 
0.35 
0.32 
0.31 
0.19 
0.23 
0.27 
0.21 
0.31 
0.29 

2.96 
3.62 
3.78 
3.53 
3.95 
3.98 
3.39 
3.28 
2.87 
2.96 

0.31 
0.32 
0.41 
0.35 
0.35 
0.30 
0.28 
0.21 
0.23 
0.31 

Sum 

35.32 

34.32 

A.M 

3.53 

3.43 

*  N.K.  =  Northrop-Kunitz  cell, 
t  New  =  new  type  cell. 

from  the  mean  should  be  considered;  that  is,  the  use  of  statistical 
methods  is  indicated.  In  the  present  study  a  means  of  deter- 
mining whether  changes  to  the  extent  found  are  significant  was 
sought  through  the  use  of  ''Student's''  method  of  analysis  for 
paired  data.  This  method  is  given  by  Pearson  (1914)  together 
with  the  table  of  probabilities.  Love  and  Brunson  (1924)  discuss 
the  appUcabiUty  of  this  method,  and  Love  (1924)  gives  a  table 


of  the  "odds,"  indicating  whether  values  determined  are  sig- 
nificant. 

Analysis  of  the  data  given  in  columns  (3)  and  (5)  of  table  2 
with  reference  to  Love's  table  shows  that  the  odds  are  less  than 
12:1  against  the  difference  in  mean  mobilities  of  the  non-irradi- 
ated and  irradiated  samples  being  due  to  chance  alone.  Odds 
greater  than  20:1  are  usually  termed  significant;  odds  greater 
than  100:1  are  very  significant.  Thus,  analysis  shows  that  no 
significant  change  in  electrophoretic  mobility  was  brought  about 
through  irradiation  of  Escherichia  coli  for  20  minutes  with  x-rays 
from  the  molybdenum  target  tube.  A  similar  analysis  of  the  data 
given  in  columns  (4)  and  (6)  of  table  2  shows  that  the  odds  are 

TABLE  3 

Summary  of  changes  in  mobility  and  in  variation  in  mohilities  of  Esch.  coli  with 

exposure  to  x-rays  of  different  wave  lengths 


SERIES 
NUMBER 

TYPE  OP  IRRADIATION 

INTENSITY 

TIME 

CHANGE  IN 
MOBILITY 

CHANGE  IN 
VARIATION 

r/minute 

minutes 

per  cent 

I 

Mo  K  -f  general 

20 

0* 

0 

II 

Cu  K  +  general 

950 

20 

0 

0 

III 

Mo  K  H-  general 

120 

0 

0 

IV 

Cu  K  -f  general 

950 

120 

-15.4 

0 

V 

CuKa 

440 

240 

-7.9 

0 

*  0  indicates  that  changes  were  not  significant. 

less  than  10:1  against  the  differences  between  the  standard  devia- 
tions of  the  non-irradiated  and  irradiated  samples  being  due  to 
chance  alone;  therefore  we  would  conclude  that  no  significant 
change  in  the  variation  of  mobiUties  has  resulted  from  irradiation. 
Analyses  by  ''Student's''  method  of  the  data  obtained  in  the 
other  four  series  show  that  very  significant  changes  in  the  mobiUty 
resulted  from  irradiation  in  the  experiments  of  series  IV  and  V, 
the  odds  in  these  2  cases  being  greater  than  10,000 : 1  and  300 : 1 
respectively;  in  no  other  cases  were  the  changes  significant. 
Table  3  gives  a  summary  of  the  results  obtained  in  the  electro- 
phoretic studies  for  the  five  series.  Changes  which  are  not  of 
sufficient  amount  to  be  significant  are  indicated  in  the  table  by  0 ; 
in  the  2  cases  where  significant  changes  occurred  the  per  cent  of 
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change,  calculated  from  the  values  of  the  arithmetic  means  of 
the  mean  mobilities,  is  given. 

DISCUSSION   OF   RESULTS 

The  lethal  studies  showed  that  20-minute  exposure  to  copper 
characteristic  and  general  x-radiation  resulted  in  death  of  all  of 
the  bacteria  in  the  irradiated  section,  whereas  exposure  for  the 
same  length  of  time  to  molybdenum  characteristic  and  general 
radiation  resulted  in  death  of  only  a  certain  percentage  of  the 
bacteria.  In  either  case  no  significant  change  in  electrophoretic 
mobility  was  observed.  This  clearly  indicates  that  change  in 
electrophoretic  mobiUty  is  not  a  criterion  of  death  of  the  organism, 
or  at  least  that  any  change  produced  is  not  of  sufficient  magnitude 
to  be  observed  by  the  methods  used. 

A  change  in  mobility  can  be  brought  about  through  the  agency 
of  x-rays  as  is  evidenced  by  the  decreased  mobility  resulting  from 
long-time  irradiation  either  with  copper  characteristic  and  general 
radiation,  or  with  Cu  Ka  radiation.  It  is  difficult  to  state  with 
certainty  the  cause  for  the  decreased  mobility.  As  noted  pre- 
viously, Lisse  and  Tittsler  (1931)  found  that  irradiation  of  Esch- 
erichia coli  with  ultraviolet  Ught  resulted  in  decreased  mobility; 
it  is  possible  that  wave  lengths  in  this  range  are  effective  in  the 
present  case.  Such  wave  lengths  would  be  present  in  appreciable 
amounts  in  the  unfiltered  copper  radiation,  and  might  result  from 
fluorescent  radiation  of  the  Cu  Ka  radiation,  and  probably  to  a 
very  small  extent  from  the  molybdenum  radiation.  Experi- 
mental evidence  is  in  accord  with  this  view,  since  the  copper  gen- 
eral and  characteristic  radiation  was  the  most  effective,  and  the 
molybdenum  radiation  the  least  effective  in  changing  the  mobili- 
ties. Another  explanation  might  be  that  death  of  the  bacteria 
brings  about  conditions,  such  as  changes  in  permeability  or  ad- 
sorption, which  may  result  after  some  time  in  the  decrease  in 
mobility  noted. 

From  the  studies  it  appears  that  there  is  a  difference  in  action 
of  different  wave  lengths.  The  dosages  of  Cu  characteristic  and 
general  radiation  and  of  Cu  Ka  in  the  experiments  of  series  IV 
and  V  were  11.4  X  10^  and  10.6  X  10^  r  respectively  (see  table  3 


for  data),  their  ratio  being  approximately  1.1:1;  the  ratio  of 
resultant  changes  in  velocity  was  approximately  15:8.  With  due 
consideration  of  the  relatively  large  experimental  error  inherent 
in  this  type  of  experiment,  it  appears  that  the  decrease  in  mobiUty 
is  a  function  of  the  quality  of  the  radiation,  not  merely  of  the 
intensity.  Wyckoff  (1932)  suggested  that  the  lethal  effects  of 
x-rays  and  ultraviolet  Ught  might  not  be  the  same,  even  though 
semi-logarithmic  curves  of  death  were  found  in  both  cases.  The 
experiments  reported  here  seem  to  corroborate  this  view.  Thus, 
while  death  through  the  action  of  ultraviolet  light  and  certain 
other  agencies  may  be  due  to  action  on  the  exterior  of  the  or- 
ganism, the  lethal  effect  of  x-rays  may  be  due  to  direct  action  on 
a  sensitive  zone  or  nucleus. 

It  is  of  interest  to  note  that  no  change  in  variation  of  mobilities 
occurred,  even  in  the  2  cases  where  the  mean  mobilities  did  change. 
That  is,  the  values  of  the  mobilities  of  the  irradiated  samples 
seem  to  conform  to  distribution  curves  of  the  same  type  as  those 
of  the  non-irradiated  samples. 

CONCLUSIONS 

1.  No  significant  change  in  electrophoretic  mobility  of  Esch- 
erichia coli  in  aqueous  suspension  resulted  from: 

(a)  Twenty-minute  exposure  of  the  bacteria  on  the  surface  of 
nutrient  agar  to  molybdenum  characteristic  K  and  general  radia- 
tion (30  KVr,„.8.,  22  ma.,  13  cm.  distance);  this  dosage  was  suf- 
ficient to  result  in  death  of  only  a  certain  per  cent  of  the  organisms 
in  the  exposed  section. 

(b)  Twenty-minute  exposure  of  the  bacteria  to  copper  char- 
acteristic K  and  general  radiation.  The  dosage  of  1.9  X  10*  r 
was  more  than  sufficient  to  result  in  death  of  all  of  the  irradiated 

organisms. 

(c)  One  hundred  and  twenty-minute  exposure  of  the  bacteria 
to  the  molybdenum  characteristic  K  and  general  radiation;  this 
dosage  was  greater  than  that  required  to  kill  all  of  the  organisms 
in  the  exposed  section. 

2.  Death  through  the  agency  of  characteristic  and  general 
molybdenum  or  copper  x-radiation  is  not  accompanied  by  a 
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change  in  the  electrophoretic  mobiUty  of  the  bacteria  in  aqueous 
suspension  to  an  extent  measurable  by  microscopical  studies  of 
the  type  made. 

3.  Exposure  of  Escherichia  coli  on  the  surface  of  nutrient  agar 
to  dosages  of  Cu  characteristic  K  and  general  radiation  or  to 
Cu  Ka  radiation  in  amounts  much  greater  than  is  required  to 
bring  about  death  of  all  of  the  organisms  in  the  exposed  section 
results  in  a  significant  decrease  in  the  electrophoretic  mobility 
of  the  bacteria  in  aqueous  suspension.  The  Cu  characteristic  K 
and  general  radiation  seems  to  be  more  effective  in  this  respect 
than  is  the  Cu  Ka  radiation. 

4.  Values  of  mobilities  of  irradiated  samples  seem  to  give  dis- 
tribution curves  of  the  same  type  as  those  of  the  non-irradiated 
samples,  no  increase  in  the  amount  of  variation  being  found  as  a 
result  of  irradiation. 
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Tobacco  plots  of  the  three-year   rotation    to   which   fertilizers   were   applied   broadcast   in    1934. 
Left:  500  lbs.  6-8-12,  yield  1,470  lbs.  per  acre.     Rijrht:  1.500  lbs.  6-8-12.  yield  1.670  lbs.  per  acre. 


Fertilizing  Pennsylvania 
Cigar-leaf  Tobacco* 

By  D.  E.  Haley 

Professor  of  Soil  and  Phytochemistry,  Pennsylvania  State  College 


LANCASTER  county,  Pennsyl- 
vania, is  one  of  the  most  pros- 
perous agricultural  communities  in 
the  United  States.  There  are  a  num- 
ber of  reasons  for  this,  among  which 
are  the  inherent  fertility  of  the  soil, 
which  is  of  limestone  origin,  and  the 
high  degree  of  intelligence  manifested 
by  the  individual  farmers  in  handling 
this  soil.  In  no  other  farming  com- 
munity in  the  United  States  is  more 
attention  given  to  the  maintenance 
of  soil  fertility,  and  to  efficient  crop 
production. 


The  agricultural  background  of 
Lancaster  county  farmers  is  an  im- 
portant factor  in  their  success.  In 
the  majority  of  instances,  they  are 
direct  descendants  of  the  German  set- 
tlers who  first  placed  the  land  under 
cultivation  more  than  200  years  ago, 
and  who  themselves  represented  the 
twenty-fifth  successive  generation  of 
farmers  in  the  German  Palatinate.  It 
is  not  unusual  to  find  Lancaster  county 

*  Authorized  for  publication  on  December  18, 
1935.  as  paper  No.  712  in  the  Journal  Series 
of  the  Pennsylvania  Affricnltural  Experiment 
Station. 


farms  operated  at  the  present  time  by 
lineal  descendants  of  the  pioneer  set- 
tlers, never  having  been  transferred 
to  anyone  but  a  member  of  the  same 
family.  Throughout  these  200  years, 
a  consistent  effort  has  been  made  to 
increase  rather  than  reduce  the  fer- 
tility of  these  soils,  and  with  con- 
siderable success. 

The  system  of  agriculture  now  pur- 
sued in  Lancaster  county  is  diversified, 
and  the  rotation  usually  includes  the 
raising  of  cigar-leaf  tobacco.  The 
center  of  production  of  this  tobacco 
in  Pennsylvania  is  this  area.  For  this 
reason,  research  on  this  crop  has  been 
largely  confined  to  this  county. 

Field  experiments  on  tobacco  are 
conducted  on  a  rather  large  scale  at 
Roseville,  one  mile  north  of  the  city 
of  Lancaster,  under  the  direction  of 
the  Pennsylvania  State  College  in  co- 
operation with  the  Office  of  Tobacco 
Investigations,  U.  S.  Department  of 
Agriculture.  The  work  is  supervised 
by  Mr.  Otto  Olson,  the  Federal  Rep- 
resentative, who  is  thoroughly  familiar 
with  agricultural  conditions  in  the 
county. 
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duces  a  succulent  growth,  which 
lowers  the  resistance  of  the  plant  to 
the  invasion  of  disease  organisms.  A 
more  resistant  plant  results  when  a 
balance  of  nitrogen,  phosphoric  acid, 
and  potash  is  maintained. 

Our  plot  results  show  that  phos- 
phoric acid  is  the  main  limiting  factor 
of  plant  growth,  and  this  probably 
holds  true  for  all  soils  of  this  area.  A 
poor  yield  invariably  is  associated  with 
a  low  phosphoric  acid  content  of  the 
plants.  A  high  yield  is  not  possible 
without  ample  supplies  of  this  ele- 
ment. As  in  the  case  of  nitrogen, 
phosphoric  acid  should  be  balanced 
with  the  other  essential  plant  foods. 
An  excess  of  phosphoric  acid,  however, 
lowers  the  quality  of  the  plants,  es- 
pecially the  burning  qualities. 

Tobacco  plants  liberally  supplied 
with  potash  are  better  able  to  with- 
stand drought  than  plants  having  less 
potash,  because  of  the  production  of 
cuticle  on  the  surface  of  the  leaves. 
Plants  high  in  potash  appear  to  offer 
maximum  resistance  to  the  invasion 
of  disease  organisms.     This  is  a  factor 


Tobacco  plots  of   the  three-year  roUtion  to  i-hface   and   improved   texture.     Left   was   fertilized 
Left:  1.000  lbs.  6-8.12.  yield  1.974  lb.,  per  acre.    ,  1.000  Ibe.  of  6-8-4;  right  received  no  fertilizer. 


farms  operated  at  the  present  time  by 
lineal  descendants  of  the  pioneer  set- 
tlers, never  having  been  transferred 
to  anyone  but  a  member  of  the  same 
family.  Throughout  these  200  years, 
a  consistent  effort  has  been  made  to 
increase  rather  than  reduce  the  fer- 
tility of  these  soils,  and  with  con- 
siderable success. 

The  system  of  agriculture  now  pur- 
sued in  Lancaster  county  is  diversified, 
and  the  rotation  usually  includes  the 
raising  of  cigar-leaf  tobacco.  The 
center  of  production  of  this  tobacco 
in  Pennsylvania  is  this  area.  For  this 
reason,  research  on  this  crop  has  been 
largely  confined  to  this  county. 

Field  experiments  on  tobacco  are 
conducted  on  a  rather  large  scale  at 
Roseville,  one  mile  north  of  the  city 
of  Lancaster,  under  the  direction  of 
the  Pennsylvania  State  College  in  co- 
operation with  the  Office  of  Tobacco 
Investigations,  U.  S.  Department  of 
Agriculture.  The  work  is  supervised 
by  Mr.  Otto  Olson,  the  Federal  Rep- 
resentative, who  is  thoroughly  familiar 
with  agricultural  conditions  in  the 
county. 


The  prevailing  opinion  of  chose  in 
charge  of  the  investigations  is  that 
it  should  conform  to  the  general  agri- 
cultural system  peculiar  to  the  county. 
This  policy  prevailed  at  the  Ephrata 
experimental  plots  some  years  ago  and 
is  maintained  at  the  Roseville  plots. 
The  results  obtained  from  these  field 
experiments,  supplemented  by  labora- 
tory tests  and  by  observations  of  grow- 
ing crops  of  tobacco  throughout  the 
county,  now  point  to  certain  funda- 
mental factors  which  should  be  given 
consideration  in  the  production  of  to- 
bacco, from  the  standpoint  of  both 
yield  and  quality.  These  factors  may 
involve  definite  changes  in  farming 
procedure  which,  however,  will  in  no 
way  interfere  with  the  maintenance  of 
soil  fertility. 

Contrary  to  popular  belief  of  some 
years  ago,  a  soil  does  not  need  to  be 
neutral  or  alkaline  in  reaction  in  order 
to  insure  good  crop  yields.  Excellent 
yields  of  all  of  the  more  common  agri- 
cultural crops  have  been  obtained  from 
slightly  acid  soils.  Moreover,  certain 
crops  seem  to  be  better  adapted  to  an 
acid  rather  than  to  a  neutral  or  alka- 


Tobacco  plots  of  the  three-year  rotation  to  which  fertilizers  were  applied  in  the  row  in  1934. 
Left:  1.000  lbs.  6-8-12,  yield  1,974  lbs.  per  acre.    Rirht:  1,500  lbs.  6-8-12,  yield  2,048  lbs.  per  acre. 


line  soil;  tobacco  appears  to  fall  into 
this  general  class.  Since  legumes  are 
common  in  the  rotation  system  now 
practiced,  a  large  quantity  of  available 
lime  must  not  be  present  in  the  soil  to 


in  plant  growth  on  these  soils,  is  ren- 
dered less  available  to  the  plant  if  the 
soil  is  alkaline  rather  than  slightly  acid 
in  reaction.  Furthermore,  the  absorp- 
tion of  potassium  from  the  soil  by  the 


Typical   Lancaster  county   homesteads   reflect   a  decree  of  asrricaltural   prosperity,   due  to  good 

soils  and  ffood  manasrement. 


insure  the  growth  of  the  best  tobacco. 
Although  legumes  are  high  lime 
"feeders,"  excellent  yields  of  legumes 
have  been  obtained  when  the  soil  was 
slightly  acid  in  reaction.  Some  soils, 
however,  are  too  acid  for  legumes.  In 
such  cases  additions  of  lime  in  reason- 
able amounts  are  to  be  recommended. 

Because  the  prevailing  Lancaster 
county  system  is  "lime  and  manure'' 
and  because  these  soils  are  normally 
high  in  lime,  they  are  usually  neutral 
or  alkaline  in  reaction.  On  the  other 
hand,  many  famous  tobacco  soils,  such 
as  those  in  the  Connecticut  valley,  are 
strongly  acid  in  reaction.  During 
193  5  an  experiment  was  conducted 
on  a  farm  near  Roseville  which  in- 
volved the  addition  of  elemental  sul- 
phur to  the  soil,  in  conjunction  with 
certain  fertilizer  mixtures.  The  quan- 
tity of  sulphur  added  was  sufficient  to 
increase  soil  acidity  up  to  and  even 
exceeding  the  acidity  of  the  average 
Connecticut  tobacco  soil.  The  results 
indicate  that  tobacco  of  good  quality 
may  be  grown  on  soils  of  rather  high 
acidity. 

An  irrational  use  of  limt  is  to  be 
avoided  on  soils  where  tobacco  is 
grown,  for  a  number  of  reasons. 
Phosphorus,  the  chief  limiting  factor 


plant  is  much  more  efficient  under 
slightly  acid  than  under  alkaline  con- 
ditions. The  evidence  of  one  crop, 
that  for  1927,  indicates  that  when  the 
potassium  content  of  the  tobacco  is 
high,  the  lime  content  is  low;  and 
when  the  potassium  content  of  the 
tobacco  is  low,  as  in  the  case  of  an 
ordinary  "dry-year"  crop,  the  fime 
content  is  high.  When  the  soil  is 
definitely  alkaline  in  reaction,  certain 
essential  elements,  such  as  manganese, 
may  be  rendered  practically  unavail- 
able for  plant  growth. 

An  application  of  1 0  tons  of  manure 
per  acre,  which  is  the  amount  ordi- 
narily used  by  Lancaster  county  to- 
bacco growers,  carries  approximately 
100  pounds  of  nitrogen,  50  pounds  of 
phosphoric  acid,  and  100  pounds  of 
potash.  From  a  percentage  standpoint, 
therefore,  it  appears  to  be  fairly  well 
balanced  with  respect  to  these  three 
constituents;  but  since  the  nitrogen 
is  more  readily  available  to  the  plant 
than  either  the  phosphoric  acid  or 
potash,  manure  is  considered  a  nitro- 
gen fertilizer  as  well  as  a  source  of 
organic  matter. 

The  value  of  manure,  from  the 
standpoint  of  the  maintenance  of  soil 
fertility,    can    hardly   be   overempha- 


sized;  it  should  be  used  whenever  pos- 
sible. From  the  standpoint  of  the 
most  efficient  tobacco  culture,  how- 
ever, fresh  manure  should  be  applied 
to  the  crop  preceding  tobacco  in  the 
rotation,  or  it  should  be  well  rotted 
before  being  applied  just  before  the 
land  comes  into  tobacco.  If  fresh 
manure  is  applied  directly  to  the  to- 
bacco crop,  it  should  be  reinforced 
with  both  phosphoric  acid  and  potash. 
The  tobacco  plant  requires  nitrogen 
in  the  early  stages  of  its  growth,  and 
a  constant  supply,  within  reasonable 
limits,  should  be  available  throughout 
the  growing  season.  Excellent  results 
have  been  obtained  without  the  addi- 
tion of  manure,  when  two-thirds  of 
the  nitrogen  added  was  in  the  form  of 
cottonseed  meal  and  one-third  in  a 
readily  available  mineral  form.  Bene- 
ficial results  were  not  obtained  when 
these  proportions  were  reversed. 
Heavy  additions  of  nitrogen,  without 
being  properly  balanced  with  phos- 
phoric acid  and  potash,  seriously  affect 
the  burning  quaUty  of  tobacco.  An 
unbalanced    nitrogen    supply    also    in- 


duces a  succulent  growth,  which 
lowers  the  resistance  of  the  plant  to 
the  invasion  of  disease  organisms.  A 
more  resistant  plant  results  when  a 
balance  of  nitrogen,  phosphoric  acid, 
and  potash  is  maintained. 

Our  plot  results  show  that  phos- 
phoric acid  is  the  main  limiting  factor 
of  plant  growth,  and  this  probably 
holds  true  for  all  soils  of  this  area.  A 
poor  yield  invariably  is  associated  with 
a  low  phosphoric  acid  content  of  the 
plants.  A  high  yield  is  not  possible 
without  ample  supplies  of  this  ele- 
ment. As  in  the  case  of  nitrogen, 
phosphoric  acid  should  be  balanced 
with  the  other  essential  plant  foods. 
An  excess  of  phosphoric  acid,  however, 
lowers  the  quality  of  the  plants,  es- 
pecially the  burning  qualities. 

Tobacco  plants  Hberally  supplied 
with  potash  are  better  able  to  with- 
stand drought  than  plants  having  less 
potash,  because  of  the  production  of 
cuticle  on  the  surface  of  the  leaves. 
Plants  high  in  potash  appear  to  offer 
maximum  resistance  to  the  invasion 
of  disease  organisms.     This  is  a  factor 


Potash   irons   out   the   leaf,   srivinff   smooth   surface    and    improved    texture.      Left   was    fertilized 
with  1.000  lbs.  of  6-8-16  per  acre;  center  with  1,000  lbs.  of  6-81;  liffht  received  no  fertilizer. 


of  great  importance;  in  many  cases, 
entire  crops  have  been  destroyed  by 
disease.  Heavy  rains  reduce  the  vi- 
tality of  the  plant,  rendering  it  more 
susceptible  to  leaf-spot  diseases,  es- 
pecially wildfire,  unless  the  plant  is 
fortified  with  potash.  In  addition,  no 
element  surpasses  potassium  in  enhanc- 
ing  the   burning   quality  of   tobacco. 

The  soils  of  Lancaster  county  lack 
available  potash.  During  the  season  of 
193  5  crops  were  observed  which 
showed  pronounced  symptoms  of  pot- 
ash deficiency  in  the  early  stages  of 
plant  growth,  as  evidenced  by  the 
characteristic  mottled  appearance  of 
the  leaves.  Later,  an  unbalanced  con- 
dition with  respect  to  nitrogen  and 
potash  was  observed  in  many  mature 
plants  throughout  the  county,  as  evi- 
denced by  the  characteristic  "stem- 
bound"  condition  of  the  leaf.  Such  a 
leaf  is  thicker  than  a  normal  leaf  and 
contains  more  organic  matter  in  pro- 
portion to  the  quantity  of  potash. 
This  is  undesirable  from  the  stand- 
point of  the  manufacturer,  since  it  is 
difficult,  if  not  impossible,  to  "fer- 
ment" smoking  qualities  into  such 
tobacco. 

The  problem  of  potash  fertilization 
is  of  paramount  importance  to  the  to- 
bacco industry  of  Lancaster  county. 
Notwithstanding  the  fact  that  these 
tobacco  soils  are  deficient  in  available 
potash,  little  potash  fertilizer  has  been 
used,  on  some  farms  none  at  all.  In 
many  cases,  fertilizers  which  are  not 
well  balanced  with  respect  to  nitrogen, 
phosphoric  acid,  and  potash  have  been 


used.  More  attention  appears  to  have 
been  given  to  additions  of  nitrogen 
than  to  additions  of  either  phosphoric 
acid  or  potash.  This  practice  must 
be  changed,  if  the  tobacco  industry 
of  Lancaster  county  is  to  be  profitable. 

It  is  difficult,  if  not  impossible,  to 
recommend  a  fertilizer  mixture  that 
will  satisfy  all  conditions  in  Lancaster 
county.  The  field  experiments,  how- 
ever, have  yielded  results  which  are 
applicable,  in  large  measure  at  least, 
to  other  parts  of  the  county  as  well. 
An  application  of  1,000  pounds,  or 
more,  of  commercial  fertilizers  per  acre 
is  desirable  in  all  cases,  but  the  units  of 
nitrogen,  phosphoric  acid,  and  potash 
may  vary  to  some  extent  on  different 
soils.  The  nitrogen  may  vary  from 
3  to  6  per  cent,  the  phosphoric  acid 
from  5  to  8  per  cent,  while  the  potash 
may  vary  from  10  to  12  per  cent. 
Potash  should  be  the  predominating 
element.  It  must  be  used  in  a  form 
other  than  the  muriate.  The  phos- 
phoric acid  content  should  be,  on  the 
average,  somewhat  greater  than  that 
of  nitrogen. 

Excellent  results  have  been  obtained 
on  the  experiment  plot  soils,  from  the 
standpoint  of  both  yield  and  quality, 
when  a  6-8-12  mixture  has  been  ap- 
plied broadcast  or  to  the  row  in  quan- 
tities varying  from  1,000  to  1,500 
pounds  per  acre,  and  without  manure. 
Satisfactory  results  likewise  have  been 
obtained  on  the  plots  and  on  different 
farms  located  throughout  the  county 
when  either  a  3-5-12  or  a  3-8-12  mix- 
ture in  like  quantities  has  been  used 
in    conjunction    with    stable    manure. 
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of  great  importance;  in  many  cases, 
entire  crops  have  been  destroyed  by 
disease.  Heavy  rains  reduce  the  vi- 
tality of  the  plant,  rendering  it  more 
susceptible  to  leaf-spot  diseases,  es- 
pecially wildfire,  unless  the  plant  is 
fortified  with  potash.  In  addition,  no 
element  surpasses  potassium  in  enhanc- 
ing  the   burning   quality  of   tobacco. 

The  soils  of  Lancaster  county  lack 
available  potash.  During  the  season  of 
193  5  crops  were  observed  which 
showed  pronounced  symptoms  of  pot- 
ash deficiency  in  the  early  stages  of 
plant  growth,  as  evidenced  by  the 
characteristic  mottled  appearance  of 
the  leaves.  Later,  an  unbalanced  con- 
dition with  respect  to  nitrogen  and 
potash  was  observed  in  many  mature 
plants  throughout  the  county,  as  evi- 
denced by  the  characteristic  **stem- 
bound"  condition  of  the  leaf.  Such  a 
leaf  is  thicker  than  a  normal  leaf  and 
contains  more  organic  matter  in  pro- 
portion to  the  quantity  of  potash. 
This  is  undesirable  from  the  stand- 
point of  the  manufacturer,  since  it  is 
difficult,  if  not  impossible,  to  "fer- 
ment" smoking  qualities  into  such 
tobacco. 

The  problem  of  potash  fertilization 
is  of  paramount  importance  to  the  to- 
bacco industry  of  Lancaster  county. 
Notwithstanding  the  fact  that  these 
tobacco  soils  are  deficient  in  available 
potash,  little  potash  fertilizer  has  been 
used,  on  some  farms  none  at  all.  In 
many  cases,  fertilizers  which  are  not 
well  balanced  with  respect  to  nitrogen, 
phosphoric  acid,  and  potash  have  been 


used.  More  attention  appears  to  have 
been  given  to  additions  of  nitrogen 
than  to  additions  of  either  phosphoric 
acid  or  potash.  This  practice  must 
be  changed,  if  the  tobacco  industry 
of  Lancaster  county  is  to  be  profitable. 

It  is  difficult,  if  not  impossible,  to 
recommend  a  fertilizer  mixture  that 
will  satisfy  all  conditions  in  Lancaster 
county.  The  field  experiments,  how- 
ever, have  yielded  results  which  are 
applicable,  in  large  measure  at  least, 
to  other  parts  of  the  county  as  well. 
An  application  of  1,000  pounds,  or 
more,  of  commercial  fertilizers  per  acre 
is  desirable  in  all  cases,  but  the  units  of 
nitrogen,  phosphoric  acid,  and  potash 
may  vary  to  some  extent  on  different 
soils.  The  nitrogen  may  vary  from 
3  to  6  per  cent,  the  phosphoric  acid 
from  5  to  8  per  cent,  while  the  potash 
may  vary  from  10  to  12  per  cent. 
Potash  should  be  the  predominating 
element.  It  must  be  used  in  a  form 
other  than  the  muriate.  The  phos- 
phoric acid  content  should  be,  on  the 
average,  somewhat  greater  than  that 
of  nitrogen. 

Excellent  results  have  been  obtained 
on  the  experiment  plot  soils,  from  the 
standpoint  of  both  yield  and  quality, 
when  a  6-8-12  mixture  has  been  ap- 
plied broadcast  or  to  the  row  in  quan- 
tities varying  from  1,000  to  1,500 
pounds  per  acre,  and  without  manure. 
Satisfactory  results  likewise  have  been 
obtained  on  the  plots  and  on  different 
farms  located  throughout  the  county 
when  either  a  3-5-12  or  a  3-8-12  mix- 
ture in  like  quantities  has  been  used 
in    conjunction    with    stable    manure. 
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INTRODUCTION 

The  juices  of  certain  fruits  and  vegetables  have  become 
exceedingly  popular  as  constituents  of  the  human  dietary. 
This  increased  popularity  is  apparently  due  to  a  combination 
of  qualities  or  factors,  such  as  palatability,  nutritional  value, 
ease  of  serving,  etc.  A  juice  which  has  received  favorable 
consideration  during  the  past  year  is  that  of  the  pineapple. 
As  to  the  nutritive  value  of  commercially  canned  pineapple 
juice,  especially  concerning  its  vitamin  content,  little  can  be 
said,  because  of  the  lack  of  definite  scientific  data.  Data  are 
available,  however,  which  show  that  both  fresh  and  canned 
pineapple  are  good  sources  of  several  of  the  vitamins  and, 
in  addition,  contain  other  highly  desirable  nutritive  proper- 
ties. The  investigations  of  Miller  ('24)  and  Killian  ('32) 
are  referred  to  in  this  connection. 

Since  the  data  presented  by  the  above  investigators  indi- 
cate that  both  fresh  and  canned  pineapple  are  good  sources 
of  several  of  the  vitamins,  it  seemed  that  similar  data  con- 
cerning the  vitamin  content  of  commercially  canned  pine- 
apple juice  would  have  a  definite  value  at  this  time.  The 
studies  herein  reported  were  carried  out  for  the  purpose  of 
determining  the  vitamin  A,  B,  C  and  G  content  of  this  juice. 
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Vitamin  A.  The  method  used  in  the  determination  of  the 
vitamin  A  potency  of  the  pineapple  juice  was  essentially  that 
of  Sherman  and  Munsell  ('25).  Young  rats,  20  to  21  days  of 
age  and  weighing  between  40  and  46  gm.,  were  used  as  the  ex- 
perimental animals.  At  weaning,  each  rat  was  placed  in  an 
individual  metal  cage  having  a  raised  screen  floor,  and  was 
supplied  with  fresh  distilled  water  and  a  liberal  quantity  of 
the  basal  (vitamin  A-free)  diet.  An  allotment  of  0.6  gm. 
of  dry  irradiated  baker's  yeast  was  fed  daily  as  a  source  of 
vitamins  B,  D  and  G.  All  animals  were  weighed  at  frequent 
intervals,  at  which  time  a  record  was  made  as  to  the  amount 
of  food  consumed  and  the  general  well-being  of  the  animals. 
When  the  animals  had  been  depleted  of  their  body  stores  of 
vitamin  A,  as  indicated  by  cessation  of  growth  and  the 
appearance  of  incipient  xerophthalmia,  they  were  arranged 
in  groups  of  from  six  to  ten  animals,  at  which  point  each 
animal  was  fed  daily  an  accurately  measured  quantity  of  the 
pineapple  juice  as  the  supplement  to  the  vitamin  A-free  diet. 
In  every  case,  this  supplementary  feeding  of  pineapple  juice 
was  continued  for  a  period  of  at  least  6  weeks  before  the 
experiments  were  terminated. 

The  results  obtained  through  this  series  of  experiments  are 
presented  in  condensed  form  in  table  1. 

The  data  presented  in  table  1  indicate  that  1  ml.  of  this 
juice  contains  approximately  1  Sherman  unit  of  vitamin  A. 
On  the  basis  of  this  assay,  therefore,  the  canned  pineapple 
juice  tested  contained  approximately  30  Sherman  units  of 
vitamin  A  per  ounce. 

Vitamin  B  (Bi).  The  Chase  and  Sherman  ('31)  method 
was  used  in  determining  the  vitamin  B  potency  of  the  canned 
pineapple  juice.  The  experimental  animals  and  their  care 
and  management  were  essentially  the  same  as  that  employed 
in  the  vitamin  A  assays,  excepting  that  a  vitamin  B  deficient 
diet  was  employed.  When  the  animals  had  been  depleted 
of  their  body  reserves,  as  indicated  by  cessation  of  growth 
and  the  appearance  of  mild  symptoms  of  paralysis,  they  were 


arranged  in  groups  of  from  six  to  ten  animals  each.  A  meas- 
ured amount  of  the  juice  to  be  tested  was  fed  daily  in  a  sepa- 
rate receptacle  to  each  animal.  The  feeding  of  the  juice  was 
continued  for  a  period  of  6  weeks,  during  which  time  an 
accurate  record  was  kept  of  each  animal 's  weight,  the  amount 
of  food  consumed,  and  the  general  appearance  of  the  animal. 

TABLE   1 

SJiowing  the  effect  on  growth  of  feeding  different  daily  allotments  of  pineapple 

juice  to  groups  of  rats  which  were  receiving  a  diet  deficient  in  vitamin  A, 

For  sake  of  comparison  a  similar  group  of  rats  was  fed  ly  of 

International  carotene  daily  as  a  source  of  vitamin  A 


DEPLETION  PERIOD 

SOURCE  OP 

VITAMIN  A. 

QUANTITY 

FED  DAILY 

CURATIVE  PERIOD 

bc.S  bo 

< 

Average  weight  at  end  of 

Average  weight  at  end  of 

Pi 

O 

u 
O 

00 

gm. 
64 

so 

CS 

•d 

gm. 
81 

es 

r-l 

CO 

OS 
00 

.2  o 

(0 

>> 

08 

>> 

OS 

-^ 

CO 

oe 

OQ 
CS 

oo 
CI 

00 

06 

00 

to 

CI 

1 

gm. 
42 

gm. 
107 

gm. 
123 

gm,, 
129 

None 

gm. 

127 

gm. 
122 

gm. 
115 

gm, 

•    •    • 

gm,. 

... 

gm. 

•    •    • 

gm. 

•    • 

2 

45 

70 

86 

106 

134 

138 

1.0  ml.  of  pine- 
apple juice 

147 

154 

159 

159 

159 

161 

23 

3 

44 

68 

85 

100 

126 

132 

1.5  ml.  of  pine- 
apple juice 

142 

147 

154 

158 

161 

162 

30 

4 

44 

68 

91 

116 

130 

135 

2.0  ml.  of  pine 
apple  juice 

143 

149 

158 

163 

165 

169 

34 

5 

45 

67 

89 

111 

131 

134 

3.0  ml.  of  pine- 
apple juice 

143 

150 

159 

165 

169 

176 

42 

6 

44 

68 

87 

116 

131 

138 

4.0  ml.  of  pine- 
apple juice 

149 

161 

172 

181 

191 

196 

58 

7 

45 

67 

93 

114 

132 

136 

5.0  ml.  of  pine- 
apple juice 

143 

155 

169 

180 

187 

198 

62 

8 

41 

61 

80 

103 

118 

123 

1  7  Inter- 
national 
carotene 

130 

139 

143 

149 

153 

158 

35 

The  results  obtained  in  this  series  of  experiments  are  pre- 
sented in  condensed  form  in  table  2. 

From  these  results  it  is  evident  that  1.5  ml.  of  this  canned 
pineapple  juice  contained  at  least  1  Sherman  unit  of  vita- 
min B.  On  this  basis,  1  ounce  of  this  juice  contained  approxi- 
mately 20  Sherman  units  of  this  vitamin. 

Vitamin  G  (B,).  The  method  used  in  determinmg  the 
vitamin  G  potency  of  the  canned  pineapple  juice  was  that 


i 
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described  by  Bourquin  and  Sherman  ('31).  Here  again 
young  rats,  20  to  21  days  of  age  and  weighing  between  40 
and  46  gm.,  were  used  as  the  experimental  animals.  The 
care  and  treatment  of  the  experimental  animals  was  the  same 
as  that  reported  under  vitamin  A.  After  the  test  animals 
had  been  partially  depleted  of  their  body  stores  of  vitamin  G, 

TABLE  2 

Showing  the  growth  stimulating  effect  of  pineapple  juice  when  fed  at  different 

levels  to  groups  of  rats  which  were  receiving  a  diet  deficient  in  vitamin  B. 

For  sake  of  comparison  a  similar  group  of  rats  received  10  mg, 

of  an  International  vitamin  B  preparation 


DEPLETION  PERIOD 

SOURCE  OF 

CURATIVE  PERIOD 

Average  weight 
at  end  of 

Average  weight  at  end  of 

VITAMIN  B. 

o 
O 

Average 
initial 
weight 

00 

OS 

00 

>» 

08 

Depletion 
period 

QUANTITY 
FED  DAILY 

00 

08 

-a 

OQ 

08 

00 

08 

OQ 

08 
00 

OQ 

08 
CO 

03 

08 

Qain  in 
weight 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm,. 

1 

42 

53 

58 

64 

None 

60 

49 

40 

•    • 

•    • 

m    • 

•    • 

2 

45 

59 

64 

66 

1.0  ml.  of  pine- 

apple juice 

68 

69 

70 

72 

73 

70 

4 

3 

42 

56 

63 

62 

1.5  ml.  of  pine- 

apple juice 

68 

71 

73 

75 

81 

85 

23 

4 

45 

55 

65 

64 

2.0  ml.  of  pine- 

apple juice 

67 

74 

80 

85 

89 

90 

26 

5 

42 

52 

63 

60 

3.0  ml.  of  pine- 

apple juice 

64 

76 

82 

84 

92 

96 

36 

6 

43 

53 

63 

64 

4.0  ml.  of  pine- 

apple juice 

71 

83 

95 

101 

114 

118 

54 

7 

41 

49 

62 

61 

10  mg.  of  Inter- 
national 
vitamin  B 

preparation 

72 

77 

84 

91 

98 

102 

41 

as  indicated  by  a  definite  decrease  in  their  growth  rate,  they 
were  arranged  in  groups  of  from  six  to  ten  animals  per  group 
and  were  fed  daily  measured  quantities  of  the  pineapple 
juice.  The  feeding  of  this  juice  to  groups  of  rats  as  a  supple- 
ment to  a  vitamin  Q-  deficient  diet  was  continued  for  a  period 
of  8  weeks,  during  which  all  observations  were  accurately 
recorded. 


The  results  obtained  by  this  series  of  experiments  are  pre- 
sented in  table  3. 

The  data  presented  above  indicate  that  a  daily  allotment 
of  12  ml.  of  the  canned  pineapple  juice  furnished  slightly 
more  than  1  Sherman  unit  of  this  vitamin.  According  to 
this  assay,  each  ounce  of  this  juice  contained  approximately 
2.5  Sherman  units  of  vitamin  Gr. 

TABLE  3 
Showing  the  growth  stimulating  effect  of  pineapple  juice  when  fed  at  different 
levels  to  groups  of  rats  which  were  receiving  a  diet  deficient  in  vitamin  G, 


DEPLETION  PERIOD 

SOURCE  or 

CURATIVE  PERIOD 

Average  wei 
at  end  of 

ght 

Average  weight  at  end  of 

VITAMIN  a. 

1 

d 

2 
o 

Averai^e 
initial 
weight 

OQ 

08 

BQ 

08 

^      Depletion 
p           period 

QUANTITY 
FED  DAILY 

OQ 
>> 

08 

2       14  days 

• 

00 

08 

CI 

gm. 

00 

08 

00 

00 

08 
CO 

00 

>% 

08 

so 

08 

00 

08 

•n 
to 

Gain  in 
weight 

gm. 

gm. 

gtn. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

43 

47 

53 

54 

None 

56 

58 

55 

53 

51 

51 

49 

46 

-8 

2 

42 

49 

53 

53 

4.0  ml.  of  pine- 

apple juice 

55 

55 

56 

56 

59 

59 

55 

56 

3 

3 

44 

53 

57 

57 

6.0  ml.  of  pine- 

apple juice 

63 

63 

65 

64 

65 

64 

63 

62 

5 

4 

42 

50 

52 

51 

8.0  ml.  of  pine- 

apple juice 

56 

54 

54 

55 

55 

55 

54 

55 

4 

5 

44 

53 

55 

56 

10.0  ml.  of  pine- 

apple juice 

63 

65 

64 

66 

66 

68 

65 

66 

10 

6 

44 

51 

54 

53 

12.0  ml.  of  pine- 

apple juice 

62 

65 

67 

68 

73 

74 

76 

77 

24 

7 

42 

49 

53 

52 

14.0  ml.  of  pine- 

apple juice 

60 

64 

66 

67 

69 

71 

76 

81 

29 

Vitamin  C.  The  vitamin  C  content  of  the  canned  pineapple 
juice  was  determined  according  to  the  prophylactic  technic 
of  Sherman,  La  Mer  and  Campbell  ('22).  Young  guinea 
pigs,  ranging  in  weight  from  250  to  300  gm.  each,  were  kept 
in  individual  metal  cages,  which  were  provided  with  raised 
screen  bottoms.  These  animals  were  arranged  in  groups  of 
from  six  to  ten  individuals  per  group,  and  each  guinea  pig 
was  provided  with  a  weighed  but  liberal  quantity  of  the 
scurvy  producing  diet.  Fresh  distilled  water  was  provided 
daily  for  all  animals.    Each  animal  was  weighed  at  weekly 
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intervals  and  an  accurate  record  was  made  of  the  amount 
of  food  consumed.  At  each  weighing  period,  all  residual 
food  remaining  from  the  previous  week  was  discarded  and 
a  freshly  prepared  portion  fed. 

A  supply  of  the  pineapple  juice  sufficient  for  1  week  was 
kept  in  the  refrigerator  at  all  times,  and  the  cans  were  opened 
just  prior  to  the  feeding  of  the  juice.  Starting  with  the  first 
day  of  the  experimental  period,  an  accurately  measured 
amount  of  pineapple  juice,  in  a  clean  earthenware  container, 
was  fed  daily  to  each  pig.  The  animals  comprising  each  of 
the  several  groups  received  identical  allotments  of  the  juice 
under  test.  The  duration  of  the  test  period  ranged  from  56 
to  90  days.  When  it  became  definitely  evident  that  certain 
groups  of  pigs  were  receiving  pineapple  juice  in  great  excess 
of  that  required  to  protect  them  against  scurvy,  such  groups 
of  animals  were  discontinued.  Those  receiving  the  higher 
levels  of  juice  (10  ml.  daily)  were  discontinued  after  56  days, 
while  those  that  received  slightly  less  juice  (9  ml.  daily)  were 
discontinued  at  the  end  of  70  days.  All  animals  that  received 
less  than  a  protective  dose  of  the  juice  and  those  that  re- 
ceived a  protective  dose  or  slightly  more  than  a  protective 
dose  were  continued  on  experiment  until  death  ensued  or 
throughout  the  90-day  period.  All  animals  that  died  and 
those  that  were  killed  at  the  termination  of  the  various  ex- 
periments were  autopsied  and  rated  according  to  the  various 
degrees  of  scurvy  manifested  (Sherman,  La  Mer  and  Camp- 
bell, '22).  These  various  degrees  of  scurvy  (viz.,  hemorrhage 
of  rib  junction,  muscles,  joints,  and  intestines;  fragility  of 
the  jaw  bone  and  of  the  joints ;  looseness  of  the  teeth ;  beading 
of  the  rib  junctions)  were  scored  from  0  to  3,  according  to 
the  degree  of  scurvy  manifested  by  each  tissue.  According 
to  this  method  of  scoring,  a  score  of  8  indicated  definite 
scurvy,  while  a  score  of  24  indicated  the  highest  possible 
degree  of  scurvy.  The  quantity  of  juice  required  to  produce 
a  score  of  from  0  to  2  was  considered  the  minimum  protective 
dose. 
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The  data  obtained  from  this  series  of  experiments  are  pre- 
sented in  table  4.  It  will  be  noted  that  all  animals  of  groups 
1  and  2  died  during  the  course  of  the  experiment.  It  may  be 
of  interest  to  state  in  this  connection  that  all  animals  of 
group  1  were  dead  by  the  thirty-first  day,  while  all  animals 
of  group  2  were  dead  by  the  forty-second  day. 

From  the  data  presented  in  table  4,  it  is  evident  that  canned 
pineapple  juice  contains  appreciable  quantities  of  vitamin  C. 

TABLE  4 

Showing  the  results  obtained  by  feeding  varying  amounts  of  canned  pineapple 
juice  to  groups  of  young  guinea  pigs  that  were  receiving 

a  scurvy-producing  diet 


ANIMAL 

GROUP 

NO. 

NUMBER  or 

ANIMALS 
CONSIDKRBD 

QUANTITY  OF 

JUICE  FED 

DAILY 

AVERAGE  DAILY 
GAIN  IN 
WEIGHT 

AVERAGE 

SCURVY 

SCORE 

ml. 

gm. 

1 

6 

0 

All  died 

Severe 

8 

6 

3.0 

All  died 

Severe 

8 

3 

4.0 

0 

17 

4 

4 

5.0 

0.5 

8 

S 

9 

6.0 

1.8 

8 

6 

7 

7.0 

2.4 

0-2 

7 

5 

8.0 

2.7 

0 

8 

8 

9.0 

2.7 

0 

9 

7 

10.0 

2.9 

0 

Approximately  7  ml.  of  this  juice  were  required  to  furnish 
a  minimum  protective  dose  of  this  vitamin.  From  this,  it 
follows  that  the  canned  pineapple  juice  tested  contained 
approximately  four  minimum  protective  doses  of  vitamin  C 
per  ounce.  Since  a  minimum  protective  dose  of  vitamin  C  is 
approximately  10  International  units  of  this  vitamin,  it  would 
follow  from  the  above  scurvy  scores  that  1  ounce  of  canned 
pineapple  juice  contained  approximately  40  International 
units  of  vitamin  C. 
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SUMMARY 


A  biological  assay  of  canned  pineapple  juice  for  its  vitamin 
content,  using  standard  biological  methods,  showed  this  juice 
to  be  a  good  source  of  vitamins  A  and  B,  a  fair  source  of 
vitamin  C,  and  to  contain  a  measurable  quantity  of  vitamin  G. 
When  expressed  in  terms  of  vitamin  units,  1  ounce  of  this 
juice  contained  approximately  30  Sherman  units  of  vitamin 
A,  20  Sherman  units  of  vitamin  B,  2.5  Sherman  units  of  vita- 
min G,  and  four  minimum  protective  doses  or  40  International 
units  of  vitamin  C, 
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FEEDING  CHICKS 


A 


J.  E.  Hunter,  H.  C.  Knandel,  and  John  Vandervort 

GOOD  RATION  for  poultry  is  composed  of  six  different  classes  of  ma- 
terials: proteins,  carbonhydrates,  fats,  minerals,  vitamins,  and  water. 

Proteins  and  Their  Value.—  Proteins  are  perhaps  the  most  costly 
ingredients  of  poultry  feeds.  Chicks  use  proteins  for  growth,  replacing  of 
worn-out  tissues  and  the  formation  of  feathers.  Proteins  are  made  up  of 
simpler  substances  known  as  amino  acids  of  which  there  are  20  or  more. 
Since  all  protein-carrying  materials  do  not  contain  all  of  the  necessary  amino 
acids,  it  is  advisable  to  include  a  variety  of  protein  carriers,  both  animal  and 
vegetable,  in  the  ration.  A  ration  containing  a  variety  of  animal  and  vegetable 
protein  sources  is  more  likely  to  be  adequate  for  maximum  nutrition  than  a 
ration  made  up  of  only  one  vegetable  and  one  animal  protein  source. 

Carbohydrates  and  Fats. — Carbohydrates  and  fats  are  burned  in  the  body 
to  supply  fuel  and  energy.  Carbohydrates  include  starches,  sugars,  and  fiber. 
The  fiber  in  the  ration  is  indigestible  but  is  generally  believed  to  be  beneficial 
if  not  present  in  excessive  amounts.  Fats  are  usually  supplied  to  poultry  m 
small  amounts  because  they  are  digested  with  difficulty  and  absorbed  slowly. 

Minerals.— Minerals  are  found  in  all  portions  of  the  bird's  body,  although 
concentrated  in  the  skeleton.  The  bird  requires  calcium,  phosphorus,  mag- 
nesium, iron,  sulphur,  sodium,  potassium,  iodine,  copper,  and  possibly  others. 
Generally,  all  of  these  elements  with  the  exception  of  calcium  and  possibly 
phosphorus  are  supplied  by  the  ingredients  commonly  used  in  a  poultry  ration. 
It  is  generally  agreed  that  a  ration  for  growing  chicks  should  carry  about  twice 
as  much  calcium  as  phosphorus.  In  general,  chick  rations  in  which  the  common 
sources  of  protein  are  used  contain  about  .75  per  cent  phosphorus.^  The 
calcium  content  of  such  rations  should  be  approximately  1.5  per  cent.  This  does 
not  mean  that  1.5  per  cent  of  calcium  carriers  should  be  added  to  the  ration 
because  the  ingredients  making  up  the  ration  supply  some  calcium.  Enough 
calcium  carbonate  should  be  added  to  the  mash  to  balance  the  phosphorus 
present.  After  the  birds  are  four  weeks  of  age  and  have  started  eating  scratch 
grain,  additional  calcium  in  the  form  of  oyster  shell,  limestone  grit  or  some 
other  good  source  of  calcium  carbonate  should  be  kept  in  hoppers  before  the 
birds  at  all  times.  When  this  supplement  is  first  supplied,  it  may  be  scattered 
in  small  quantities  on  top  of  the  mash. 

Danger  in  Excessive  Quantities  of  Calcium  and  Phosphorus  — 
Ample  quantities  of  calcium  and  phosphorus  must  be  present  in  the  ration  to 
enable  the  birds  to  build  strong,  healthy  bones.  Excessive  quantities  of  these 
elements  are  likely  to  lead  to  the  occurrence  of  hock  disease  which  is  some- 
times known  as  slipped  tendons  or  perosis.  Chicks  reared  on  wire  floors  o  in 
batteries  are  partic?ularly  susceptible  to  hock  disease.  The  supply  of  calcium 
carbonate  in  hoppers  will  not  cause  this  difficulty  because  the  birds  will  not  ca 
more  than  they  need.     The  addition  of  bone  meal  to  the  mash  in  excess 
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quantities  or  the  use  of  a  very  low  protein  meat  scrap  which  is  high  in  bone 
may  lead  to  the  development  of  hock  disease. 

The  Importance  of  Vitamins.— Poultrymen  realize  the  importance  of 
vitamins  in  chick  rations  and  an  effort  should  be  made  to  select  mgredients 
that  are  high  in  vitamin  value.  The  commonly  accepted  vitamins  are  designated 
by  the  letters  of  the  alphabet  A,  B,  C,  D,  E,  and  G.  Various  deficiency 
diseases  result  when  certain  vitamins  are  lacking. 

A  deficiency  of  vitamin  A  may  result  in  an  eye  disorder  and  the  condition 
may  be  accompanied  by  pus  pockets  appearing  in  the  roof  of  the  mouth  and 
the  esophagus.  The  kidneys  may  appear  very  light  in  color  because  of  deposits 
of  urates.  Vitamin  A  is  supplied  in  practical  feeding  by  the  use  of  liberal 
quantities  of  yellow  corn,  by  alfalfa  or  other  dried  green  material,  by  fresh 
green  feed,  and  by  cod  liver  oil. 

A  deficiency  of  vitamin  B  leads  to  loss  of  appetite,  emaciation,  convulsions, 
and  death.  Since  this  factor  is  found  in  abundance  in  cereal  grains,  this  disease 
is  not  common  but  might  result  if  large  quantities  of  degerminated  cereal 
products  were  used. 

A  deficiency  disease  resulting  from  a  lack  of  vitamin  C  in  the  ration  is  not 
likely  to  occur. 

Vitamin  D  not  Furnished  by  Ordinary  Ingredients.— If  chicks  are 
deprived  of  sunshine  and  no  source  of  vitamin  D  is  added  to  the  ration,  a 
deficiency  disease  called  rickets,  in  which  the  bones  fail  to  harden  properly,  is 
likely  to  occur.  Vitamin  D  is  necessary  to  enable  chicks  to  absorb  and  use  the 
bone-forming  minerals  from  the  digestive  tract.  Since  the  common  ingredients 
of  a  chick  ration  do  not  supply  vitamin  D,  this  factor  must  be  added  separately. 
Cod  liver  oil,  sardine  oil,  and  some  other  fish  oils  are  sources  of  this  essential. 

Potency  of  Vitamin  D  Supplements  Expressed  in  Units.—  The  po- 
tency of  vitamin  D  oils  is  commonly  expressed  as  U.  S.  P.  units  per  gram.  A 
good  grade  of  oil  usually  contains  about  100  U.  S.  P.  units  per  gram  or 
45,400  units  per  pound.  Fortified  or  concentrated  oils  usually  contain  from 
three  to  four  times  as  many  units  as  straight  oils.  It  is  usually  possible  to 
obtain  the  potency  of  an  oil  expressed  in  U.  S.  P.  units  from  the  manufacturer 
or  the  sales  agency  marketing  the  oil. 

Vitamin  D  Requirements  of  Chicks.— The  Pennsylvania  State  College 
has  shown  that  growing  chicks  when  deprived  of  sunlight  require  approximately 
17,500  units  of  vitamin  D  per  100  pounds  of  all  mash  feed  consumed.  If 
an  equal  proportion  of  grain  and  mash  is  consumed,  the  above  figure  should 
be  doubled  in  the  mash  provided  all  of  the  vitamin  D  is  to  be  added  to  the 
mash.  Under  these  conditions,  the  mash  should  contain  approximately  35,000 
U.  S.  P.  units  of  vitamin  D  per  100  pounds.  Since  an  ordinary  oil  contains 
approximately  45,400  units  per  pound,  roughly  three-fourths  pound  of  such 
oil  would  be  needed  in  100  pounds  of  mash  when  scratch  and  mash  are  fed 
in  equal  amounts.  Many  poultrymen  that  mix  their  feed  at  home  do  not  ha\e 
scales  to  weigh  small  quantities,  and  prefer  to  measure  the  oil  instead  of 
weighing  it.     A  pint  of  oil  weighs  approximately  one  pound. 

Smaller  Amounts  of  Vitamin  D  May  Be  Used.— If  the  chicks  have  ac- 
cess to  sunlight  through  open  front  houses  or  if  they  are  on  range,  it  is  not 
so  necessary  to  supply  vitamin  D.  It  is  felt,  however,  that  it  is  desirable  to 
feed  some  vitamin  D  but  if  the  chicks  have  access  to  direct  sunlight,  it  is 
perfectly  safe  to  cut  the  above  recommendations  in  half.  Sunlight  transmitted 
through  ordinary  window  glass  is  not  effective  as  a  source  of  vitamin  D. 


Ordinary  rations  will  supply  all  of  the  vitamin  E  known  to  be  required 
by  chicks. 

Vitamin  G  is  an  important  vitamin  for  growing  chicks  and  a  deficiency  of 
tins  vitamin  will  lead  to  a  nutritional  disease  called  pellagra.  Milk  products, 
alfalfa,  and  fish  meal  contain  liberal  quantities  of  this  factor  and  if  used  in 
ample  quantities  will  prevent  the  occurrence  of  any  trouble  from  the  lack  of 
til  is  vitamin. 

Ration  Designed  to  Meet  Known  Requirements  of  Chicks. — The 

following  ration  which  has  been  used  for  a  number  of  years  on  the  college 
farm  has  proved  satisfactory  and  under  ordinary  conditions  should  prevent  the 
occurrence  of  any  of  the  deficiency  diseases  discussed  above.  High  quality  in- 
gredients should  be  selected  when  making  up  the  ration. 

Ration  and  Suggestions  for  Feeding  Chicks 


Mash 


350  lbs. 

ground  yellow  corn 

150  lbs. 

wheat  bran 

150  lbs. 

wheat  middlings 

100  lbs. 

ground  heavy  oats 

50  lbs. 

meat  scrap* 

50  lbs. 

fish  meal* 

75  lbs. 

dried  milk 

75  lbs. 

alfalfa  meal 

10  lbs. 

calcium  carbonate 

10  lbs. 

cod  liver  oil  or  sardine  oil 

5  lbs. 

salt 

1025  lbs. 

total 

Grain 

100  lbs.  medium  cracked  corn 
100  lbs.  wheat 

Barley,  oats  or  buckwheat  may  be  added  to 
the  grain  mixture  in  an  amount  not  to  ex- 
ceed 25%  of  the  total  grain  mixture. 

*In  place  of  50  pounds  of  meat  scrap  and 
50  pounds  of  fish  meal,  100  pounds  of  either 
meat  scrap  or  fish  meal  may  be  used. 


Feeding  Directions.— As  a  rule,  chicks  should  be  fed  when  well  hardened 
off  and  ready  to  be  placed  in  the  brooder  house.  Chicks  shipped  from  a 
distance  are  ready  to  be  fed  soon  after  arrival.  Holding  chicks  longer  than 
72  hours  may  prove  detrimental  in  that  they  are  actually  m  a  weakened  condi- 
tion If,  for  some  reason,  it  is  necessary  to  hold  the  chicks  without  feed  for 
several  hours  after  removal  from  the  incubator  they  can  be  kept  in  chick 
boxes  in  a  room  sufficiently  farm  for  human  occupancy. 

Mash  feed  should  be  ready  for  them  when  placed  on  the  brooder  house  floor. 
Pickine  appears  to  be  a  natural  instinct  and  if  feed  is  not  available,  chicks 
may  acquire  the  habit  of  picking  at  litter  or  droppings.  Then,  too,  there  is 
the  possibility  they  may  start  to  pick  at  each  other. 

Limited  amounts  of  chick  sized  scratch  grain  placed  on  top  of  the  mash 
may  be  fed  as  soon  as  the  chicks  are  placed  in  the  brooder  house.  After  the 
Ms  have  learned  to  eat  the  grain  it  should  be  supplied  in  separate  hoppers. 
After  the  chicks  are  eight  weeks  of  age  a  coarse  scratch  gra^n  may  be  fed.  When 
the  chicks  are  12  weeks  old  the  dried  milk  in  the  mash  formula  should  be 
reduced  to  50  pounds.  If  whole  corn  is  to  be  fed  to  the  mature  birds,  it 
is  a  good  practice  to  start  feeding  it  to  the  chicks  at  about  12  weeks  of  age. 

Feed  Containers  Should  Aid  Sanitation^To    prevent    a    tre-nendous 
^^aste  of  chick  mash  a  non-wasting  hopper  with  a  reel  f  0"ld  be  used.    Over 
filling  hoppers  is  another  practice  resulting  in  waste.     Aside  from  the  loss  of 
fced^there  is  more  danger  from  spread  of  disease  if  chicks  pick  -"ash  ^^-J  ?^" 

uaclean  floor.  Placing\ll  hoppers  on  low  wire  f^*'"^^  J'"  P^ '  actS 
Irom  eating  feed  which  has  spilled  from  the  hoppers  and  a  similar  practice 
lor  water  fountains  will  keep  chicks  away  from  damp  areas. 
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There  are  many  types  of  troughs  available  for  feeding  young  chicks.  Nat- 
urally, the  first  feeders  should  be  of  such  a  height  as  to  permit  chicks  to  see 
the  feed  and  to  secure  it  without  effort.  In  view  of  the  fact  that  disease  infec- 
tion may  be  carried  through  the  droppings,  it  would  seem  desirable  to  provide  a 
type  of  hopper  which  would  prevent  chicks  from  getting  into  their  feed  and 
leaving  droppings  there.  A  reel  across  the  top  of  the  hopper  will  accomplish 
this.  As  the  chicks  grow  older,  larger  hoppers  can  be  supplied.  Enough 
hoppers  should  be  supplied  so  that  the  chicks  will  not  crowd  when  eating. 
Plans  of  hoppers  for  two  ages  of  chicks  are  contained  in  Leaflet  42. 

Increasing  Grain  Consumption.— Difficulty  may  be  experienced  in  get- 
ting pullets  to  consume  liberal  quantities  of  grain  when  they  are  nearly  half 
grown.  A  method  of  accomplishing  this  is  to  keep  both  grain  and  mash 
before  the  birds  at  all  times.  Another  method  consists  of  closing  the  mash 
hoppers  about  3  o'clock  in  the  afternoon.  The  chicks  are  then  ready  for  a 
liberal  quantity  of  grain  late  in  the  afternoon. 

Clean  Fresh  Water  Essential. — Water  is  essential  to  the  life  of  the 
chick.  It  should  be  supplied  continuously  from  the  time  the  chicks  are  given 
their  first  feed.  For  very  young  chicks  during  cold  weather  it  would  be  a 
good  practice  to  remove  the  chill  from  the  water.  A  sufficient  number  of 
water  containers  should  be  provided  to  prevent  crowding  while  drinking. 

Growth  and  Feed  Consumption. — The  following  tables  give  growth  and 
feed  consumption  for  Single  Comb  White  Leghorn  and  Barred  Plymouth 
Rock  chicks  at  various  ages: 

Weight  in  Pounds  per  100  Chicks 

Single  Comb  White  Leghorns 


Pa.-5-i 


Sex 

Hatching 

3  Weeks 

8  Weeks 

16  Weeks 

Males 

8.0141 

34.370 

135.545 

Females 

7.995 

31.846 

114.550 

235.694 

Barred  Plymouth  Rocks 

Males 

8.443 

38.201 

153.241 

Females 

8.350 

35.498 

132.763 

301.415 

Feed  Consumption  per* 

100  Chicks 

Single  Comb  White  Leghorns 

Lbs.  of 

Lbs.  of 

Lbs.  of 

Lbs.  of 

mash 

Age  in 

Lbs.  of 

mash 

Lbs.  of 

grain 

mash 

and  grain 

weeks 

mash 

to  date 

grain 

to  date 

and  grain 

to  date 

1-4 

116.50 

116.50 

•    •    •    • 

•    •    •    • 

116.50 

116.50 

5-8 

276.83 

393.33 

•    •    •    • 

•    •    •    • 

276.83 

393.33 

9-12 

236.91 

630.24 

97.34 

97.34 

334.25 

727.58 

13-16 

213.06 

843.30 

156.67 

254.01 

369.73 

1097.31 

17-20 

266.26 

1109.56 

141.50 

395.51 

407.76 

1505.07 

21-24 

287.73 

1397.29 

175.05 

570.56 

462.78 

1967.85 

Barred 

Plymouth  Rocks 

1-4 

110.06 

110.06 

•    >    •    • 

•    •    •    • 

110.06 

110.06 

5-8 

314.78 

424.84 

•    •    •    • 

•    •    •    • 

314.78 

424.84 

9-12 

295.14 

719.98 

93.53 

93.53 

388.67 

813.51 

13-16 

263.71 

983.69 

161.62 

255.15 

425.33 

1238.84 

17-20 

304.05 

1287.74 

191.54 

446.69 

495.59 

1734.43 

21-24 

258.06 

1545.80 

285.50 

732.19 

543.56 

2277.99 

Distributed  in  furtherance  of  the  Acts  of  Congress  of  May  8  and  June  30, 
1914,  Co-operative  Extension  Work  in  Agriculture  and  Home  Economics,  M.  S. 
McDowell,  Director. 
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ACCURACY  OF  THE   DETERMINATION  OF  LEAD  AND 

ARSENIC  ON  APPLES ' 

By  Donald  E.  H.  Frear  and  W.  S.  Hodgkiss,  Department  of  Agridultural  and 
Biological  Chemistry ^  Pennsylvania  Agricultural  Experiment  Station 

INTRODUCTION 

The  accuracy  of  the  Gutzeit  method  for  the  determination  of 
small  amounts  of  arsenic  has  been  studied  by  serveral  workers  (^,  3^ 
^,  8)y^  but  the  accuracy  of  the  determination  of  similar  small  amounts 
of  lead  has  apparently  not  been  investigated.  Federal  and  State 
ref'ulatory  bodies  have  now  concerned  themselves  with  the  amount 
oHead  present  on  edible  fruit  as  spray  residue  and  have  set  up  limits 
which  legally  may  not  be  exceeded. 

The  legal  limits  for  lead  and  arsenic  trioxide  during  the  season  of 
1935  have  been  set  at  0.018  and  0.010  grain  per  pound,  respectively. 
In  view  of  these  limits,  and  the  fact  that  the  Umits  for  lead  are  being 
gradually  reduced,  the  accuracy  of  the  determinations  of  these 
elements  becomes  important  to  the  chemist,  for  the  analytical  re- 
sults must  be  interpreted  in  relation  to  these  legal  tolerances. 

Any  study  of  the  accuracy  of  these  determinations  naturally  divides 
itself  into  two  parts:  The  accuracy  of  the  sampling,  and  the  accuracy 
of  the  determination  itself.  The  summation  of  the  errors  m  these 
two  phases  of  the  work  represent  the  errors  in  the  final  determmation. 

Lead,  when  present  on  the  surface  of  apples  as  spray  residue,  niay 
combine  chemically  with  the  waxy  coating  of  the  fruit  (5),  and  thus 
it  presents  a  different  problem  from  arsenic,  which  apparently  does 
not  so  combine.  In  this  study  the  accuracy  of  the  chemical  deter- 
mination of  lead  will  be  discussed  first,  followed  by  a  discussion  of 
the  accuracv  of  the  estimation  as  a  whole  (including  sampling)  ot 
both  lead  aAd  arsenic.  The  accuracy  of  the  chemical  determination 
of  arsenic  by  the  Gutzeit  method  has  been  discussed  at  length  {4,  O, 
and  will  not  be  considered  here. 

ACCURACY   OF   THE   CHEMICAL   DETERMINATION   OF  LEAD   BY 

THE  PHOTOELECTRIC  METHOD 

The  photoelectric  method  for  the  determination  of  lead  on  fruit, 
proposed  by  Frear  and  Haley  (6),  is  briefly  described  in  order  that 
its  advantages  and  limitations  may  be  better  understood. 

Light  from  an  electric  bulb,  regulated  by  a  smtaWe  rheostat,  is 
allowed  to  shine  upon  the  surface  of  a  photronic  cell  (Weston  no.  594) 
which  is  connected  directly  to  a  microammeter  having  ^  c^p^city 
of  200  microamperes.  Between  the  source  of  light  and  the  P^^/;^^";^ 
cell  is  interposed  a  cylindrical  glass  tube  contammg  ^^^\f}l^'^^^^^^ 
be  analyzed  for  lead.  The  reading  of  the  ^^^^"^{l^^^^^f  .'^'^f.^^ 
to  the  maximum  of  the  instrument  through  an  adjustment  of  the 

^i  Received  for  publication  Nov.  13,  1935;  issued  May  1936.    Technical  Paper  No.  647  of  the  Pennsyl- 

vania  Agricultural  Experiment  Station.  . 

»  Reference  is  made  by  number  (italic)  to  Literature  Cited,  p.  644.  ^ 
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intensitv  of  the  lirfit  by  means  of  the  rheostat  To  the  sohition 
n  the  tube  is  then  added  sufficient  sodium  sulphide  to  precipitate 
completely  the  lead  present  as  colloidal  lead  sulphide.  The  brown 
colloidal  precipitate  reduces  the  amount  of  light  passmg  through  .he 
solution  and  falling  upon  the  surface  of  the  photronic  cell.  The 
delation  between  the  amount  of  light  transmitted,  as  measured  by 
the  microammeter  connected  with  the  cell,  and  the  amount  of  lead 
present  may  be  easily  determined  by  standardization  with  known 

amounts  of  lead.  ,  .  ,         ,  .     .,  „  ^„ii,„j 

It  is  apparent  that  two  sources  of  error  are  inherent  in  the  method. 
The  sum  of  the  errors  due  to  variation  in  technique,  reagents,  etc 
which  may  be  called  the  error  of  operation;  and  the  error  ot  stand- 

ardization.  *        .     i  i?  xi.  f 

To  determine  the  probable  error  of  a  single  or  of  the  mean  of 
duplicate  determinations  at  a  level  which  will  fall  withm  the  range 
of  practical  work,  50  determinations  were  niade  on  solutions  each 
containing  0.0004  g  of  lead  as  lead  acetate  (table  1).  These  solutions 
were  each  carried  through  the  entire  analytical  procedure,  including 
the  digestion  with  concentrated  sulphuric  and  nitric  acids,  which  is 
used  on  samples  of  apple  wash  to  destroy  the  organic  material,  iiie 
quantity  of  lead  was  selected  at  0.0004  g  since  this  is  equivalent  to  a 
concentration  of  0.020  grain  of  lead  per  pound  of  apples  ^v^en  an 
aliquot  of  the  apple  wash  representing  140  g  of  apples  is  taken  lor 
analysis.  • 

Table  1  —Analyses  of  50  aliquot  portions  of  solution,  each  of  which  contained 

0.4000  mg  of  lead 


Sample 
no. 


1- 
2.. 
3.. 
4.. 
5-. 
6.. 
7.. 
8.. 
9.. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 


Micro- 
ammeter 
reading 


64 

52 

52 

64 

55 

56 

53 

63 

53 

54 

55 

55 

54 

55 

56 

55 

66 


Milli- 
grams of 
lead 


0.400 
.410 
.410 
.400 
.396 
.393 
.404 
.404 
.404 
.400 
.396 
.396 
.400 
.396 
.393 
.396 
.393 


Sample 
no. 


18- 
19. 
20. 
21. 
22. 
23- 
24. 
25- 
26. 
27. 
28. 
29. 
30. 
31- 
32. 
33. 
34. 


Micro- 
ammeter 
reading 


56 
53 
54 
52 
56 
57 
53 
53 
54 
52 
66 
56 
53 
62 
65 
64 
66 


Milli- 
grams of 
lead 


0.393 
.404 
.400 
.410 
.393 
.390 
.404 
.404 
.400 
.410 
.393 
.393 
.404 
.410 
.396 
.400 
.396 


Sample 
no. 


Micro- 
ammeter 
reading 


35.. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
60. 


53 

55 

54 

54 

54 

55 

54 

53 

55 

54 

56 

53 

62 

66 

64 

63 


Milli- 
grams of 
lead 


0.404 
.396 
.400 
.400 
.400 
.396 
.400 
.404 
.396 
.400 
.393 
.404 
.410 
.396 
.400 
.404 


Bv  the  use  of  the  formula  P.  g.=Q-^^i^^,  in  which  the  standard 

Vn2  . 

—  ,  the  probable  error  Ot 

the  microammeter  readings  obtained  by  analyzing  the  50  samples 
was  calculated.  The  mean  value  was  54±0.13  microamperes,  with 
a  probable  error  of  a  single  determination  of  ±0.89  microampere, 
and  of  the  mean  of  duplicate  determinations  of  ±0.63  microampere. 
Since  with  the  instrument  used  it  was  not  possible  to  make  readings 
more  closely  than  1  microampere,  the  probable  error  of  even  a  single 
determination  was  less  than  a  measurable  value. 


To  translate  the  microammeter  readings  into  terms  of  lead  con- 
centration, a  standardization  curve  was  used  which  had  been  con- 
structed by  using  the  mean  of  10  determinations  at  5  different  con- 
centrations. The  microammeter  reading  on  this  curve  corresponding 
to  0.0004  g  of  lead  was  54  microamperes.  By  the  same  formulae  as 
above,  the  calculated  probable  error  of  a  single  determination  was 
i 0.0036  mg;  and  that  of  the  mean  of  duplicate  determinations  was 
±0.0026  mg. 

The  probable  error  of  the  determination  as  a  whole  is  further 
afl'ected,  by  definition,  by  any  error  in  the  preparation  of  the  curve 
of   standardization.     To    include    this   factor,    the    formula   P.    E. 

=  ^  (P.  E.sY-ViP.  E.ioY,  in  which  P.  E.  is  the  probable  error  of  the 
method  as  a  whole,  P.  E.s  is  the  probable  error  of  a  single  determina- 
tion, and  P.  E.  10  is  the  probable  error  of  the  10  determinations  made 
to  establish  the  point  of  reference  on  the  curve  of  standardization. 
When  the  calculation  is  carried  out,  the  true  probable  error  of  a 
single  determination  is  ±0.0038  mg.  When  the  probable  error  of 
duplicate  determinations  is  calculated,  the  value  is  ±0.0028  mg. 

A  comparison  of  the  relative  accuracy  of  the  lead  method  with  that 
of  the  modified  Gutzeit  method  for  the  determination  of  arsenic  studied 
by  Barnes  and  Murray  (4)  indicates  that  when  the  quantities  deter- 
mined are  considered  the  method  for  lead  exhibits  a  relatively  higher 
accuracy  than  the  method  for  arsenic.  Barnes  and  Murray  state  that 
with  a  solution  containing  0.0273  mg  of  AS2O3,  the  probable  error  of 
duplicate  determinations  was  ±0.0023  mg  and,  when  the  probable 
error  of  standardization  was  considered,  the  true  probable  error  of  the 
determination  was  ±0.0025  mg,  the  mean  of  10  individuals  being 
used  to  locate  each  point  on  the  standardization  curve.  The  corre- 
sponding figures  found  for  the  lead  determination,  in  which  the  stand- 
ard solution  contained  0.4000  mg,  calculated  in  the  same  manner,  were 
respectively  ±0.0026  mg  and  ±0.0028  mg. 

ACCURACY   OF   THE    FINAL    RESULTS   FROM   THE   ANALYSIS   OF 

LEAD  AND  ARSENIC 

To  include  the  errors  due  to  sampling,  which  obviously  affect  the 
accuracy  of  the  final  values  for  lead  and  arsenic,  the  procedure  de- 
scribed below  was  followed. 

Samples  of  apples,  ranging  in  weight  from  approximately  7  to  20 
kg,  were  selected,  usually  picked  from  the  lower  limbs  of  trees  m  the 
orchards.  Ordinary  precautions  were  taken  in  handling,  and  apples 
of  nearly  the  same  size  were  selected.  These  samples  were  taken  to 
the  laboratory,  and  from  them  two  lots  of  700  g  each  were  taken, 
and  each  washed  thoroughly  with  boiling  1.5-percent  hydrochloric 
acid  with  1.0  percent  of  sodium  chloride  added.  The  washings,  when 
cool,  were  made  up  to  500  ml  with  acid  of  the  same  concentration. 
Tlio  lead  was  determined  on  an  ahquot  by  the  method  described 
above  (6),  and  arsenic  was  determined  by  the  Gutzeit  method  as  de- 
scribed in  the  Official  Methods  (1).  In  all,  164  lots  were  analyzed, 
with  a  wide  range  of  lead  and  arsenic  content.  The  results  are  given 
in  table  2.  For  convenience,  the  first  of  the  duplicate  lots  is  desig- 
nated as  A,  the  second  B. 

The  mean  AS2O3  content  of  the  A  samples  was  0.00950  gram  per 
pound,  and  of  the  B  samples  0.00938  grain  per  pound,     ihe  mean  ol 
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the  average  of  the  A  and  B  samples  was  0.00944  gram,  and  the  aver- 
age  deviation  was  0.00070  grain,  or  7.4  percent  of  the  mean  For 
lead,  the  mean  of  the  A  samples  was  0.02255  gram  per  pound,  and 
for  the  B  samples  0.02235  grain,  while  the  mean  of  the  averages  of  the 
A  and  B  samples  was  0.02246  grain  per  pound.  The  average  devia- 
tion was  0.00152  grain  of  lead  per  pouad,  or  6.8  percent  of  the  mean. 

Table  2.— Arsenic  and  lead  {grain  per  pound)  i  found  in  duplicate  samples  of 

apples 


Sample 


B2.. 

B17 

B20 

B21 

B23- 

B25--- 

B26- 

B27 

B29.. 

B30 

B33 - 

B34.- 

B40.. 

B46--. 

B47- 

B48 

B49- 

B51 

B52 

B59 -- 

B139 

BHO. 

B148.. 

B149. 

B1.50.. --- 

B152 

B155 

B224 

B228.. 

B230.- 

B231 

B2:i2 

B2:« 

B231 

B238 

B239 

A36 

A37 

A38 

A39 

A40 

A41 

A42 

A43 

A44 

A45 

A46 

A47 

A48 

A49 

A50 

A57 

A58 

A59 

A60 

A61 

A62 

A63 

A65 

A66 

A67 

A81 

A223 


0 


001 
.006 
.016 
.010 
.001 
.002 
.012 
.002 
.008 
.012 
.018 
.010 
.005 
.032 
.042 
.015 
.007 
.026 
.007 
.002 
.006 
.006 
.011 
.009 
.012 
.009 
.011 
.003 
.001 
.001 
.002 
.005 
.005 
.003 
.011 
.007 
.005 
.007 
.005 
.003 
.004 
.005 
.012 
.009 
.011 
.015 
.007 
.004 
.007 
.015 
.006 
.006 
.004 
.014 
.009 
.010 
.007 
.013 
.010 
.011 
.011 
.011 
.014 


Arsenic  as  AS2O3 


B 


0. 


001 
007 
016 
Oil 
001 
002 
009 
002 
,006 
,010 
.018 
.012 
.  005 
.  032 
.042 
.016 
.006 
.024 
.008 
.002 
.005 
.006 
.013 
.011 
.012 
.008 
.Oil 
.(H)2 
.001 
.002 
.003 
.005 
.  (K)5 
.002 
.012 
.004 
.004 
.006 
.005 
.003 
.002 
.007 
.013 
.010 
.015 
.017 
.008 
.004 
.008 
.010 
.010 
.007 
.008 
.009 
.008 
.009 
.007 
.012 
.008 
.011 
.012 
.009 
.012 


Mean 


0. 


Devia- 
tion 


Lead 


.0010 

0.0000 

.0065 

.0005 

.0160 

.0000 

.0105 

.0005 

.0010 

.0000 

.0020 

.0000 

.0105 

.0015 

.0020 

.0000 

.0070 

.0010 

.0110 

.0010 

.0180 

.0000 

.0110 

.0010 

.0050 

.0000 

.0320 

.cooo 

.  0420 

.0000 

.0155 

.0005 

.0065 

.0005 

.  0250 

.  (X)10 

.0075 

.0005 

.0020 

.0000 

.0055 

.0(K)5 

.0060 

.0000 

.0120 

.0010 

.  OKK) 

.0010 

.0120 

.0000 

.  0085 

.0005 

.0110 

.(RKK) 

.  002r) 

.0005 

.0010 

.0000 

.0015 

.0005 

.0025 

.0005 

.0050 

.0(KK) 

.0050 

.0(H)0 

.0025 

.0005 

.0115 

.0005 

.0055 

.0015 

.0045 

.0005 

.0065 

.0005 

.0050 

.0000 

.00.30 

.0000 

.0030 

.0010 

.0060 

.0010 

.0125 

.0005 

.0095 

.0005 

.0130 

.0020 

.0160 

.0010 

.0075 

.0005 

.0040 

.0000 

.0075 

.0005 

.0125 

.0025 

.0080 

.0020 

.0065 

.0005 

.0060 

.0020 

.0115 

.0026 

.0085 

.0005 

.0095 

.0005 

.0070 

.0000 

.0125 

.0005 

.0090 

.0010 

.0110 

.0000 

.0115 

.0005 

.0100 

.0010 

.0130 

.0010 

B 


0.003 
.016 
.028 
.022 
.003 
.007 
.028 
.005 
.022 
.029 
.033 
.026 
.013 
.067 
.082 
.035 
.013 
.046 
.021 
.006 
.018 
.013 
.032 
.022 
.035 
.037 
.040 
.006 
.003 
.003 
.005 
.012 
.012 
.(X)6 
.028 
.010 
.011 
.021 
.010 
.010 
.004 
.015 
.038 
.019 
.034 
.044 
.018 
.010 
.019 
.026 
.032 
.016 
.014 
.030 
.021 
.029 
.018 
.032 
.025 
.017 
.031 
.028 
.029 


Mean 


0.005 
.018 
.028 
.026 
.003 
.008 
.024 
.013 
.016 
.027 
.034 
.026 
.010 
.077 
.080 
.039 
.010 
.055 
.022 
.008 
.015 
.016 
.035 
.020 
.026 
.025 
.038 
.004 
.002 
.005 
.009 
.007 
.015 
.004 
.032 
.008 
.013 
.019 
.014 
.008 
.006 
.011 
.038 
.021 
.030 
.048 
.021 
.010 
.016 
.026 
.033 
.020 
.016 
.026 
.022 
.032 
.019 
.036 
.022 
.019 
.027 
.025 
.025 


Devia- 
tion 


.0040 

.0170 

.  0280 

.0240 

.0030 

.0075 

.0260 

.0090 

.0190 

.0280 

.  0335 

.0260 

.0115 

.  0720 

.0810 

.  0370 

.0115 

.  0505 

.0215 

.0070 

.  0165 

.0145 

.0335 

.0210 

.0305 

.0310 

.0390 

.0050 

.0025 

.0040 

.  0070 

.0095 

.0135 

.0050 

.0300 

.IK)90 

.0120 

.0200 

.0120 

.0090 

.0050 

.0130 

.0380 

.0200 

.  0320 

.0460 

.0195 

.0100 

.  0175 

.  0260 

.0325 

.0180 

.0150 

.0280 

.0215 

.0305 

.0185 

.0340 

.0235 

.0180 

.0290 

.0265 

.0270 


0.0010 
.0010 
.0000 
.0020 
.0000 
.0005 
.0020 
.  0040 
.  0030 
.0010 
.0005 
.  0000 
.0015 
.0050 
.0010 
.0020 
.0015 
.0045 
.0005 
.0010 
.0015 
.0015 
.0015 
.0010 
.0045 
.0060 
.0010 
.0010 
.0005 
.0010 
.0020 
.0025 
.0015 
.0010 
.0020 
.0010 
.0010 
.0010 
.0020 
.0010 
.0010 
.0020 
.0000 
.0010 
.0020 
.0020 
.0015 
.0000 
.0015 
.0000 
.0005 
.0020 
.0010 
.0020 
.0005 
.0015 
.0005 
.0020 
.0015 
.0010 
.0020 
.0015 
.0020 


Table  2. — Arsenic  and  lead  (grain  per  pound)  found  in  duplicate  samples  of 

apples — Continued 


Sample 


Arsenic  as  AS2O3 

Lead 

A 

B 

Mean 

Devia- 
tion 

A 

B 

Mean 

Devia- 
tion 

0.012 

0.010 

0.0110 

0.0010 

0.020 

0.019 

0. 0195 

0.0005 

.008 

.009 

.0085 

.0005 

.019 

.020 

.0195 

.0005 

.019 

.014 

.0165 

.0025 

.025 

.015 

.0200 

.0050 

.018 

.012 

.0150 

.0030 

.025 

.021 

.0230 

.0020 

.012 

.017 

.  0145 

.0025 

.020 

.022 

.0210 

.0010 

.007 

.009 

.0080 

.0010 

.022 

.017 

.0195 

.0025 

.020 

.020 

.0200 

.0000 

.032 

.029 

.0305 

.0015 

.009 

.010 

.0095 

.0005 

.022 

.026 

.0240 

.0020 

.005 

.004 

.0045 

.0005 

.014 

.014 

.0140 

.0000 

.009 

.009 

.0090 

.0000 

.016 

.014 

.0150 

.0010 

.004 

.003 

.0035 

.0005 

.012 

.012 

.0120 

.0000 

.004 

.004 

.0040 

.0000 

.012 

.014 

.0130 

.0010 

.002 

.004 

.0030 

.0010 

.008 

.010 

.0090 

.0010 

.006 

.004 

.0050 

.0010 

.012 

.010 

.0110 

.0010 

.003 

.004 

.0035 

.0005 

.011 

.010 

.0105 

.0005 

.040 

.035 

.0375 

.0025 

.100 

.090 

.0950 

.0050 

.024 

.026 

.0250 

.0010 

.075 

.078 

.0765 

.0015 

.003 

.006 

.0045 

.0015 

.008 

.012 

.0100 

.0020 

.003 

.003 

.0030 

.0000 

.009 

.007 

.0080 

.0010 

.00950 

.00938 

.00944 

.00070 

.  02255 

.02235 

.  02246 

.00152 

1  Duplicate  lots  A  and  B. 


The  ratio  Pb/AszOs  in  the  mean  values  is  2.37/1,  and  the  ratio 
average  deviation  Pb/average  deviation  AsoOa  is  2.15/1.  These 
ratios,  as  well  as  the  percentage  values  given  in  the  previous  para- 
graph, indicate  that  the  error  of  the  lead  determination  is  not  so 
great  as  that  of  the  arsenic  determination.  Apparently  the  error  of 
sampling  affects  the  accuracy  of  the  determination  of  these  elements 
to  much  the  same  degree,  and  the  increased  accuracy  of  the  lead 
determination  reflects  the  greater  accuracy  of  the  chemical  part  of 
the  procedure,  mentioned  previously.  It  is  to  be  noted  that  the  mean 
vahies  for  both  arsenic  and  lead  are  close  to  the  amounts  permitted  by 
law,  and  therefore  the  estimations  of  accuracy  should  be  particularly 
appUcable  to  samples  falling  in  this  range. 

SUMMARY  AND  CONCLUSIONS 

The  errors  incident  to  the  determination  of  lead  and  arsenic  as 
spray  residues  on  apples  are  due  to  two  sources:  Errors  of  samplmg 
and  errors  in  the  chemical  determination  of  the  elements.  The  latter 
mav  be  further  divided  into  errors  of  technique  and  errors  of  standardi- 

When  the  chemical  determination  of  lead  by  the  photoelectric 
method  is  considered  separately,  the  probable  error  was  ±0.0028 
mg,  when  samples  each  containing  0.4000  mg  of  lead  were  analyzed. 
For  the  entire  procedure,  including  both  the  chemical  determination 
and  the  sampling,  the  mean  amount  of  AS2O3  present  was  0.00944 
grain  per  pound  of  fruit,  with  an  average  difference  between  dupli- 
cates of  0.00140  grain  per  pound.  For  lead  the  mean  values  were 
0.02246  grain  per  pound  of  fruit,  with  an  average  difference  between 
duplicates  of  0.00304  grain  per  pound.  These  are  the  mean  values  of 
164  apple  samples  analvzed  in  duplicate.  , 

The  lead  determination  was  slightly  more  accurate  than  the 
Gutzeit  arsenic  estimation,  even  when  the  errors  due  to  sampling  were 
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considered.  The  average  deviation  of  individual  arsenic  determina- 
tions from  the  mean  of  duphcate  determinations  was  7.4  percent  of 
the  mean;  for  lead  it  was  6.8  percent  of  the  mean.  These  data  are 
based  on  the  analysis  of  164  samples. 
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Vitamins  in  Theory  and  Practice.  By  Leslie  j.  Harris, 
Sc.D.,  D.Sc.,  University  of  Cambridge.  The  Macmillan 
Company,  60  Fifth  Avenue,  New  York,  N.  Y.,  1935. 
xix  -h  240  pp.  Illustrated.  15.5  X  21  cm.  Price, 
$3.00. 

The  author  states  that  "this  little  book  forms  the  subject 
matter  of  a  series  of  four  'Thursday  afternoon'  lectures 
given  at  the  Royal  Institution,  London,  in  1934."  The 
book  is  not  written  for  biochemists  and  physiologists  but, 
to  use  the  author's  own  words,  is  designed  to  present  "a 
readable  narrative  of  that  truly  romantic  subject,  the 
history  of  vitamin  discovery  and  research,  which  I  hope 
may  be  intelligible  and  of  interest  to  the  general  reader." 
That  the  author  has  succeeded  in  this  regard,  there  can  be 
no  question. 

While  the  book  will  appeal  to  all  groups,  it  can  be  read 
with  pleasure  and  profit  by  all  chemists  in  spite  of  the  fact 
that  Professor  Harris  (who  is  a  recognized  authority  in  the 
field  of  vitamin  research)  has  attempted  to  avoid  a  de- 
tailed discussion  of  vitamin  chemistry.  He  has  included 
sufficient  chemical  data,  however,  to  give  the  general 
reader  a  good  conception  of  the  recent  advances  that  have 
been  made  during  the  past  few  years.  The  topics  are  dis- 
cussed under  the  following  chapter  headings:  Chapter  1. 
The  discovery  of  vitamins;  Chapter  2.  How  many  vita- 
mins are  there?  Chapter  3.  Beriberi  and  vitamin  B,; 
Chapter  4.  Pellagra  and  vitamin  B2;  Chapter  5.  Scurvy 
and  vitamin  C;  Chapter  ().  Vitamin  D  and  rickets; 
Chapter  7.  Vitamin  A;  Chapter  8.  Vitamin  E— Diet 
andsterilhy;   Chapter  9.     Dietetics— What  to  eat. 

In  chapter  9  the  author  stresses  the  practical  and  clinical 
importance  of  vitamins  in  nutrition  and  makes  some  prac- 
tical suggestions  on  "what  to  eat."  This  is  followed  by  a 
brief  summary  enthled  "Retrospect." 

The  book  is  written  in  a  simple  but  interesting  style  and 
is  replete  with  whimsical  humor  and  philosophy.  Pro- 
fessor Harris  combines  the  rare  qualities  of  the  scientist 
and  of  the  journalist  to  produce  an  accurate  and  up  to  date 
scientific  narrative  "that  reads  like  a  novel." 

The  reviewer  recommends  this  book  to  all  readers  who 
desire  a  brief  and  authoritative  discussion  of  vitamins  in 

theory  and  practice. 

R.  Adams  Dutcher 
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THE  EFFECTS  OF  BREED  CHARACTERISTICS  AND 
STAGES  OF  LACTATION  ON  THE  VITAMIN  C 
(ASCORBIC  ACID)  CONTENT  OF  COW'S 

MILK  1 

EUSSBL  BASMUSSEN  AND  N.  B.  GUERRA.NT 
Department  of  Agrieultnral  and  Biological  Chemistry 

AND 

A.  O.  SHAW,  R.  C.  WELCH  AND  S.  I.  BECHDEL 
Department  of  Dairy  Eusiandry,  Pennsylvania  State  College 

ONE  FIOUKE 

(Received  for  publication  January  20,  1936) 

While  milk  is  not  usually  considered  a  vitamin  C  rich  food, 
from  the  standpoint  of  infant  feeding  it  does  constitute  an 
important  source  of  this  dietary  essential.  In  fact  Hess  ( '20) 
has  reported  that  one  pint  of  fresh  raw  milk  per  day  furnishes 
sufficient  vitamin  C  for  the  average  infant.  Chick,  Hume  and 
Skelton  ('20)  found,  however,  that  about  85  ml.  of  milk  were 
required  to  furnish  a  minimum  protective  dose  of  vitamin  C 
for  the  guinea  pig.  Hart,  Steenbock  and  Ellis  ('20)  have  re- 
ported that  50  ml.  of  summer  milk  or  75  ml.  of  winter  milk 
were  required  to  furnish  a  minimum  protective  dose  of 
vitamin  C,  while  Dutcher,  Eckles,  Dahle,  Mead  and  Schaef er 
('20)  reported  that  the  quantity  of  milk  required  to  furnish 
this  amount  of  vitamin  C  depends  upon  the  diet  of  the  cow 
and  was  found  to  range  from  20  to  60  ml. 

Results  of  investigations  other  than  those  reported  above 
emphasized  the  importance  of  the  diet  of  the  cow  on  the 
vitamin  C  content  of  the  milk  produced,  but  a  review  of  the 
available  literature  failed  to  indicate  that  any  systematic 

>  Authorized  for  publication  on  December  19,  1935,  as  paper  no.  718  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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study  had  been  made  concerning  the  effect  of  breed  character- 
istics or  of  stage  of  lactation  on  the  vitamin  C  content  of  milks 
produced  under  comparable  conditions. 

Since  milk  constitutes  an  important  item  in  the  human  diet 
and  since  the  importance  of  an  adequate  amount  of  vitamin 
C  in  the  diet  is  becoming  more  fully  appreciated,  it  appeared 
to  us  that  any  investigation  that  might  yield  further  informa- 
tion as  to  how  milks  containing  greater  quantities  of  this 
dietary  essential  might  be  produced  would  be  worth  while. 

The  more  recent  investigations  concerning  the  nature  and 
the  reactions  of  vitamin  C  (ascorbic  acid)  (King  and  Waugh, 
'32;  Waugh  and  King,  '32;  Harris  and  Ray,  -33;  Herbert, 
Hirst,  Percival,  Reynolds  and  Smith,  '33 ;  Reichstein,  Gruss- 
ner  and  Oppenauer,  '33;  Ault,  Baird,  Carrington,  Haworth, 
Herbert,  Hirst,  Percival,  Smith  and  Stacey  '33;  Bessey  and 
King,  '33)  appeared  to  suggest  a  more  direct  technic  that 
might  be  used  in  carrying  out  such  an  investigation.  This, 
together  with  the  fact  that  the  college  herd  is  composed  of 
cows  of  the  various  standard  breeds,  representing  different 
stages  of  lactation  and  receiving  a  uniform  diet  of  definite 
composition,  offered  further  inducement  toward  such  a  study. 
In  fact  many  of  the  essentials  for  a  comprehensive  study  of 
the  effects  of  both  breed  characteristics  and  stages  of  lactation 
on  the  vitamin  C  content  of  cow's  milk  were  available. 


EXPERIMENTAL 

Samples  of  freshly  drawn  milk  (morning)  from  cows  com- 
prising the  college  herd  were  collected  and  taken  directly  to 
the  laboratory  where  the  determination  of  their  ascorbic  acid 
content  was  started  at  once.  These  cows  were  receiving  a 
typical  dairy  ration  which  contained  weighed  quantities  of 
green  feed.  The  ascorbic  acid  content  of  the  various  samples 
of  milk  was  determined  in  the  following  manner:  25  ml. 
of  the  fresh  milk  were  treated  with  25  ml.  of  a  16  per  cent 
trichloracetic  acid  solution  in  order  to  precipitate  the  proteins. 
The  supernatant  liquid  was  removed  from  the  precipitated 
materials  by  centrifuging  and  decanting.  The  precipitated 
residue  was  then  washed  successively  with  20  and  10  ml. 
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portions  of  an  8  per  cent  trichloracetic  acid  solution.  These 
washings  were  combined  with  the  supernatant  liquid  and  the 
total  volume  titrated  with  a  standardized  solution  of  2-6  di- 
chlorophenolindophenol.  This  2-6  dichlorophenolindophenol 
was  prepared  by  dissolving  0.1  gm.  of  the  dye  in  successive 
portions  of  warm  distilled  water,  filtering  and  diluting  to  200 
ml.  The  filtered  dye  solution  was  then  standardized  against 
a  N/100  iodine  solution  and  also  against  pure  ascorbic  acid 
before  being  used.  A  fresh  dye  solution  was  prepared  for 
each  day's  titration. 

DATA 

Since  space  does  not  permit  the  presentation  of  data  ob- 
tained from  each  individual  cow  used  in  the  studies  pertaining 
to  the  effects  of  breed  characteristics  on  the  ascorbic  acid 
content  of  the  milk,  only  the  data  from  cows  selected  as  repre- 
sentative of  each  of  the  five  respective  breeds  are  presented 
in  table  1.  In  selecting  these  representative  cows,  due  con- 
sideration was  given  to  such  factors  as  stage  of  lactation,  age 
of  cow,  milk  production,  etc.  In  addition,  all  cows  which 
showed  any  detectible  evidence  of  having  mastitis  were  elimi- 
nated  from  consideration.  When  considered,  therefore,  from 
the  standpoint  of  these  factors,  the  cows  comprising  the 
several  groups  were  as  nearly  representative  of  the  respec- 
tive breeds  as  was  possible  to  select  from  the  number  com- 
prising the  college  herd. 

In  the  studies  relative  to  the  effect  of  the  stage  of  lactation 
on  the  ascorbic  acid  content  of  milk,  data  from  all  cows 
were  considered  in  the  tabulation.  That,  is,  all  cows  regard- 
less of  breed,  age,  milk  production,  etc.,  were  tabulated  in 
monthly  groups  in  accordance  with  the  stages  of  lactation. 
The  average  ascorbic  acid  contents  of  the  milks  for  the  vari- 
ous stages  of  lactation  were  then  calculated  in  terms  of 
milligrams  per  quart  and  are  presented  graphically  in  figure  1. 

DISCUSSION 

In  the  studies  relative  to  the  influence  of  breed  character- 
istics  on  the  ascorbic  acid  content  of  cow's  milk,  the  milks 


428 


KUSSEL   RASMUSSEN    AND   OTHERS 


TABLE  1 

Giving  the  ascorbic  acid  content  of  a  series  of  mUTc  samples  produced  ly 

representative  cows  from  five  dairy  breeds 


III 


NUMBER 
OF 

cow 

APPROXIMATE 
AGE  OF  COW 
AT  START  OF 

EXPERIMENT 

ASCORBIC  ACID  CONTENT  OF  MILK  PER  QUART 

BREED 

Sample 
taken 

8/1/34 

Sample 
taken 

8/4/34 

Sample 
taken 

8/11/34 

Sample 
taken 

8/20/34 

Sample 
taken 
9/1/34 

Sample 
taken 

9/8/34 

© 

u 
« 
> 
< 

months 

mg. 

mg. 

m,g. 

mg. 

mg. 

mg. 

mg. 

Ayrshire 

1392 

92 

10.4 

12.1 

10.5 

11.1 

12.6 

12.2 

11.5 

Ayrshire 

1439 

81 

14.7 

14.6 

13.9 

17.0 

14.2 

15.3 

14.9 

Ayrshire 

1477 

77 

14.3 

10.6 

12.2 

12.5 

12.7 

12.0 

12.4 

Ayrshire 

1754 

39 

14.9 

12.6 

10.6 

14.8 

14.7 

12.2 

13.3 

Ayrshire 

1758 

39 

8.4 

10.0 

10.8 

13.3 

13.3 

12.2 

11.3 

Ayrshire 

1770 

37 

15.9 

12.9 

13.9 

14.2 

13.9 

12.5 

13.9 

Average  for  the  breec 

i         61 

13.1 

12.1 

12.0 

13.8 

13.6 

12.7 

12.9 

Brown  Swiss 

1551 

72 

14.6 

15.2 

17.7 

15.2 

15.3 

12.2 

15.0 

Brown  Swiss 

1559 

70 

11.6 

11.6 

9.7 

10.5 

16.3 

13.8 

12.2 

Brown  Swiss 

1611 

64 

13.3 

14.8 

12.2 

12.5 

13.5 

13.4 

13.3 

Brown  Swiss 

1615 

64 

17.6 

19.8 

19.2 

22.0 

20.0 

18.3 

19.5 

Brown  Swiss 

1619 

67 

12.5 

11.5 

10.5 

12.0 

14.6 

12.0 

12.2 

Brown  Swiss 

1734 

42 

15.9 

15.0 

15.7 

16.9 

16.8 

18.0 

16.4 

Average  for  the  bree< 

i         63 

14.3 

14.6 

14.2 

14.9 

16.1 

14.6 

14.8 

Guernsey 

1484 

118 

12.7 

12.6 

14.6 

16.0 

17.1 

14.2 

14.5 

Guernsey 

1545 

79 

12.6 

11.5 

11.1 

13.1 

14.7 

12.4 

12.6 

Guernsey 

1548 

76 

11.9 

10.5 

11.8 

13.1 

13.5 

11.7 

12.1 

Guernsey 

1767 

40 

14.6 

14.9 

11.2 

11.4 

12.5 

12.4 

12.8 

Guernsey 

1771 

37 

18.5 

14.3 

14.3 

16.5 

16.3 

17.1 

16.2 

Guernsey 

1797 

34 

12.5 

11.4 

8.9 

7.0 

9.9 

8.4 

9.7 

Average  for  the  bree 

d         64 

13.8 

12.5 

12.0 

12.8 

14.0 

12.7 

13.0 

Holstein 

1440 

83 

9.4 

10.7 

9.4 

9.8 

9.8 

10.0 

9.9 

Holstein 

1646 

58 

9.8 

10.1 

10.0 

11.2 

11.3 

11.7 

10.7 

Holstein 

1656 

56 

9.9 

8.3 

10.1 

8.5 

10.3 

10.0 

9.5 

Holstein 

1698 

52 

11.7 

9.5 

8.6 

8.6 

11.3 

12.7 

10.4 

Holstein 

1744 

41 

11.0 

10.2 

11.3 

12.5 

10.5 

10.1 

10.9 

Holstein 

1805 

32 

9.2 

7.0 

7.3 

10.8 

8.4 

7.8 

8.4 

Average  for  the  bree 

d         54 

10.2 

9.3 

9.4 

10.2 

10.3 

10.4 

10.0 

Jersey 

1480 

74 

15.2 

15.4 

14.2 

15.3 

15.2 

15.9 

15.2 

Jersey 

1501 

77 

10.1 

11.4 

10.4 

12.9 

12.8 

10.1 

11.3 

Jersey 

1703 

112 

15.4 

14.2 

11.3 

14.6 

13.5 

13.9 

13.8 

Jersey 

1717 

69 

15.8 

14.6 

14.6 

15.1 

17.1 

19.3 

16.1 

Jersey 

1793 

68 

13.1 

12.5 

10.0 

8.4 

14.1 

12.1 

11.7 

Jersey 

1821 

46 

12.1 

13.5 

12.4 

7.4 

12.1 

11.8 

11.6 

Average  for  the  bree 

^         72 

13.6 

13.6 

12.2 

12.3 

14.1 

13.8 

13.3 
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from  a  total  of  seventy-nine  cows  were  collected.  This  group 
of  cows  was  composed  of :  14  Ayrshires,  13  Brown  Swiss,  9 
Guernseys,  27  Holsteins  and  16  Jerseys.  A  few  of  these  cows 
were  known  to  have  mastitis,  but  when  it  was  found  that 
mastitic  milks  gave  abnormal  ascorbic  acid  values  such  cows 
were  eliminated  from  consideration.  Milks  from  sixty-one 
cows  were  titrated  at  each  of  the  six  titration  periods,  while 
milks  from  eleven  other  cows  were  titrated  from  two  to  five 
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Fig.  1  Showing  the  effect  of  the  stage  of  lactation  on  the  ascorbic  acid  content 
of  the  mUk  produced.  The  numbers  given  in  enclosure  represent  the  number 
of  samples  of  milk  titrated  during  the  respective  periods. 

times  during  the  39-day  experimental  period.     These  cows 
ranged  from  3  to  10  years  of  age  and  represented  all  stages  of 

lactation. 

It  may  be  observed  from  the  data  given  in  table  1  that  the 
ascorbic  acid  content  of  the  various  milk  samples  varied  with 
the  cow  almost  as  much  as  it  varied  with  the  breed.  It  may 
also  be  observed  from  the  data  given  in  this  table  that  the 
ascorbic  acid  content  of  milk  from  some  cows  showed  slight 
variations  from  period  to  period.    While  no  explanation  is 
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offered  for  the  latter  variation,  it  seems  highly  probable  that 
at  least  part  of  the  variation  in  the  ascorbic  acid  content  of 
milks  produced  by  cows  of  the  same  breed  is  due  to  different 
stages  of  lactation. 

The  data  presented,  w^hile  not  showing  sharp  differences  in 
the  ascorbic  acid  content  of  milks  from  cows  of  different 
breeds,  indicate  that  slight  differences  do  exist  in  the  case  of 
certain  breeds.  While  the  average  ascorbic  acid  content  of 
milks  from  cows  of  the  Ayrshire,  Guernsey  and  Jersey  breeds 
was  found  to  be  approximately  the  same,  the  average  ascorbic 
acid  value  of  thirty-six  samples  of  milk  from  Brown  Swiss 
cows  was  48  per  cent  above  that  obtained  for  a  similar  number 
of  milk  samples  from  Holstein  cows.  This  difference  in 
ascorbic  acid  content  could  not  be  explained  on  the  basis  of 
the  difference  in  the  volume  of  milk  produced,  as  the  average 
volume  of  milk  produced  by  the  two  breeds  during  the  ex- 
perimental periods  was  found  to  be  approximately  equal. 

In  the  studies  relative  to  the  effect  of  the  stage  of  lactation 
on  the  ascorbic  acid  content  of  cow's  milk,  a  total  of  410 
samples  of  milk  were  considered.  These  samples  of  milk 
represented  all  stages  of  lactation  from  post-parturition  to 
the  thirteenth  month  of  milk  production.  As  was  the  case 
in  the  studies  relating  to  the  effects  of  breed  characteristics, 
these  samples  of  milk  were  collected  directly  from  the  respec- 
tive cows  and  the  ascorbic  acid  content  determined  at  once  by 
titration  with  a  standard  solution  of  the  2-6  dichlorophenolin- 
dophenol.  In  order  to  conserve  space,  the  data  obtained  in 
this  phase  of  the  investigation  have  been  arranged  in  accor- 
dance with  the  stage  of  lactation  of  the  respective  cows  and 
are  presented  in  graphic  form. 

It  will  be  observed  from  these  data  (fig.  1)  that  the  aver- 
age ascorbic  acid  content  of  milks  produced  by  a  mixed  dairy 
herd,  receiving  similar  rations,  varied  widely  according  to 
stages  of  lactation.  Eighteen  samples  of  such  milk,  produced 
during  the  first  month  of  lactation,  were  found  to  contain  an 
average  of  16.7  mg.  of  ascorbic  acid  per  quart,  while  forty- 
nine  samples  of  milk  produced  during  the  third  month  of 
lactation  contained  an  average  of  only  12.3  mg.  per  quart,  and 


five  samples  of  milk  produced  during  the  thirteenth  month 
of  lactation  contained  18.6  mg.  per  quart.  Samples  of  milk 
taken  at  intermediate  stages  of  lactation  gave  intermediate 
ascorbic  acid  values. 

A  few  samples  of  colostrum  were  also  titrated  and  in  each 
case  the  ascorbic  acid  content  was  found  to  be  unusually  high. 
This  high  ascorbic  acid  content  of  colostrum  was  believed  to 
indicate  a  certain  degree  of  storage  of  this  substance  by  the 
cow  during  the  pre-parturition  period.  The  data  presented  in 
figure  1  show,  however,  that  if  such  a  body-store  of  ascorbic 
acid  does  exist  it  must  be  limited,  since  2  months  after  parturi- 
tion the  amount  of  this  substance  in  the  milk  has  dropped  to 
a  minimum.  After  the  first  2  months  of  lactation,  the  ascorbic 
acid  content  of  milk  is  apparently  dependent  solely  upon  the 
ascorbic  acid  content  of  the  diet  of  the  cow.  With  a  constant 
intake  of  ascorbic  acid  in  the  diet  of  the  cow  and  a  decrease  in 
milk  production  such  as  usually  occurs  in  the  later  stages  of 
lactation,  one  might  expect  milk  of  higher  ascorbic  acid  con- 
tent, especially  if  the  storage  capacity  of  the  cow  for  this  sub- 
stance is  limited. 

A  point  which  is  probably  worthy  of  mention  in  this  con- 
nection concerns  the  apparent  relation  between  *  cardboard- 
flavor'  and  low  ascorbic  acid  content  of  milks.  It  was  ob- 
served, invariably,  that  those  samples  of  milk,  portions  of 
which  had  been  titrated  for  ascorbic  acid  content,  which  de- 
veloped cardboard-flavor  on  standing,  decreased  in  ascorbic 
acid  content  coincident  with  the  formation  of  the  oft'-flavor. 
Whether  cardboard-flavor  is  due  to  the  degradation  products 
of  ascorbic  acid  or  whether  those  factors  instrumental  in  the 
formation  of  cardboard-flavor  are  also  instrumental  in  the 
destruction  of  ascorbic  acid  was  not  determined. 

SUMMARY 

A  study  has  been  made  concerning  the  effects  of  breed 
characteristics  and  stages  of  lactation  on  the  ascorbic  acid 
content  of  cow's  milk.  As  a  result  of  these  studies,  the  follow- 
ing conclusions  are  drawn : 
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1.  Cows  of  the  same  breed,  while  receiving  similar  diets, 
may  produce  milks  which  show  wide  variations  in  their 
ascorbic  acid  content.  Such  variations  in  ascorbic  acid  con- 
tent are  thought  to  be  due,  in  part  at  least,  to  differences  in 
stages  of  lactation. 

2.  Cows  of  different  breeds,  while  receiving  similar  diets, 
produced  milks  which  differed  somewhat  in  their  average 
ascorbic  acid  values.  Of  the  five  breeds  studied,  the  Brown 
Swiss  cows  produced  milks  of  the  highest  ascorbic  acid  con- 
tent, while  the  Holstein  cows  produced  milks  of  the  lowest 
ascorbic  acid  value. 

3.  Stage  of  lactation  appeared  to  have  a  more  definite  effect 
upon  the  ascorbic  acid  content  of  milk  than  did  breed  differ- 
ences. The  ascorbic  acid  content  of  milk  was  found  to  be  rela- 
tively high  during  the  early  stages  of  lactation,  but  decreased 
to  a  minimum  after  about  2  months  of  lactation,  and  then 
increased  to  a  maximum  in  the  later  stages  of  lactation. 
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FEEDING  GROWING  TURKEYS 


DIGEST 

From  a  series  of  feeding  tests  it  was  found  that  a  turkey  starter 
of  24  per  cent  crude  protein  (figured  on  dry  feed  basis)  is  a  satis- 
factory protein  level  for  starting  poults.      ^ 

At  eight  weeks  of  age  the  protein  requirement  is  less  and  it  con- 
tinues to  decrease  as  the  turkeys  approach  maturity. 

Vitamin  A  is  an  essential  growth  vitamin  and  it  is  supplied  through 
yellow  corn,  alfalfa,  greens,  and  fish  oils. 

Growing  turkeys  require  about  double  the  amount  of  vitamin  D 
as  growing  chickens.  One  pint  of  a  good  grade  of  natural  oil  should 
supply  enough  vitamin  D  for  each  100  pounds  of  feed  consumed. 

The  vitamin  G  requirement  is  relatively  high  in  the  early  stages 
of  growth.     It  is  supplied  by  milk  or  milk  products. 

Fish  meal  or  fish  oil  may  produce  a  fishy  odor  in  the  meat,  and 
to  be  certain  of  avoiding  this  trouble  fish  products  should  be  dis- 
continued from  the  ration  6  to  10  weeks  before  marketing  time. 

Carbohydrates,  fats,  and  minerals  are  supplied  in  ample  and  safe 
amounts  in  the  mash  form.ulae  given  in  this  circular. 

Vegetable  proteins,  like  corn  gluten  meal  and  soybean  oil  meal, 
can  be  partially  substituted  for  animal  proteins. 

Baby  poults  may  be  slow  to  learn  to  eat.  For  this  reason  feed 
should  be  placed  before  them  as  soon  as  possible. 

Coarse  feeds,  such  as  oats,  barley,  and  legume  hay,  help  to  control 
feather  picking. 

Green  grass  range  will  help  to  reduce  the  grain  and  mash  con- 
sumption. 

When  liquid  milk  is  fed,  the  drinking  utensils  should  be  cleaned 
frequently. 


J.  E.  Hunter  and  H.  H.  Kauffman 

Protein  Requirements 

IN  1929  The  Pennsylvania  State  College  published  in  Bulletin  250  evidence 
showing  that  growing  turkeys  require  a  ration  containing  more  protein 
than  that  required  by  growing  chickens.  In  this  investigation  the  growing 
turkeys  were  supplied  with  a  chick  starting  mash  containing  161/2  per  cent 
protein  and  liquid  milk  was  kept  before  them  at  all  times.  Careful  records 
of  mash  and  milk  consumption  were  kept.  By  calculations  made  from  the 
consumption  records  of  mash  and  milk  it  was  found  that  the  protein  con- 
sumption was  quite  high  for  the  early  growing  period  and  gradually  decreased 
as  the  birds  became  older. 

As  an  outgrowth  of  this  work  a  turkey  starting  mash  containing  24  per  cent 
crude  protein  is  recommended  to  be  fed  in  all  mash  form  for  eight  weeks. 
A  developer  mash  containing  20  per  cent  is  substituted  for  the  starting  mash 
after  eight  weeks  of  age.  The  feeding  of  grain  is  started  at  12  weeks  of  age 
and  kept  before  the  birds  at  all  times.  This  feeding  of  unlimited  quantities 
of  scratch  grain  gives  the  birds  an  opportunity  to  lower  their  protein  intake 
as  they  grow  older  by  increasing  the  consumption  of  grain. 

Vitamin  Requirements 

Growing  turkeys  should  be  supplied  with  ample  quantities  of  vitamin  A 
from  yellow  corn,  alfalfa  or  other  green  feed.  Some  fish  oils  supplied 
primarily  as  a  source  of  vitamin  D  also  contain  considerable  amounts  of 
vitamin  A. 

Turkey  poults  when  deprived  of  access  to  direct  sunlight  are  particularly 
susceptible  to  rickets  if  ample  quantities  of  vitamin  D  are  not  added  to  the 
ration  The  common  sources  of  vitamin  D  added  to  turkey  mashes  are  cod 
liver  oil  or  other  vitamin  D  fish  oils.  Research  work  has  shown  that  young 
crowing  turkeys  require  double  the  amounts  of  vitamin  D  required  by  grow- 
ing chickens.  To  amply  protect  young  turkeys  against  rickets  if  they  are 
confined  without  access  to  sunlight,  one  pound  (one  pint)  of  a  good  grade 
of  vitamin  D  oil  should  be  added  to  each  100  pounds  of  mash  if  the  ration 
is  to  be  fed  in  all  mash  form.  If  grain  is  fed  in  the  early  growing  period, 
additional  oil  should  be  supplied  either  in  the  mash  or  on  the  g^^in.  Since 
the  vitamin  D  requirements  of  growing  turkeys  are  high,  it  is  ^.g^^d  prac  ^^^ 
to  feed  some  oil  even  though  the  birds  have  access  to  sunshine,  especially 
with  late  hatched  poults. 

Young  growing  turkeys  require  considerable  amounts  of  vitamin  G  for 
best  growth  and  development.  Milk  or  milk  products  are  rich  in  this  factor 
ind  should  be  used  libefally  in  rations  for  young  turkeys.  As  the  poults  grow 
older  their  requirements  for  vitamin  G  decrease. 


MM! 
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Danger  of  a  Fishy  Flavor  and  Odor  in  Turkey  Meat 

It  has  been  observed  by  a  number  of  investigators  that  turkey  meat  may 
have  a  definite  fishy  taste  or  odor  at  marketing  time..  It  is  generally  believed 
that  this  is  due  to  either  the  oil  fed  to  supply  vitamin  D  or  to  fish  meal  in 
the  mash.  If  the  birds  are  on  range  or  confined  with  access  to  direct  sun- 
light, it  is  a  safe  procedure  to  eliminate  the  vitamin  D  supplement  at  eight 
weeks  when  the  starting  mash  is  discontinued.  If  the  birds  are  confined  with- 
out access  to  sunlight,  some  vitamin  D  oil  should  be  suppHed  after  eight  weeks. 
This  should  be  discontinued  for  at  least  four  weeks  before  marketing  time. 
Many  growers  to  be  doubly  sure  of  eliminating  the  fishy  flavor  or  odor  from 
their  market  birds  remove  both  the  fish  oil  and  fish  meal  from  the  mash  6  to 
10  weeks  prior  to  marketing  time. 

Mineral  Requirements  of  Turkeys 

Little  information  is  available  in  regard  to  the  mineral  requirements  of 
growing  turkeys.  Some  data  have  been  presented,  however,  to  show  that  the 
requirements  of  the  growing  turkey  for  calcium  and  phosphorus  are  higher 
than  those  of  growing  chickens.  Turkeys  are  extremely  susceptible  to  hock 
disease,  sometimes  called  slipped  tendons  or  perosis,  an  abnormality  aggravated 
by  excessive  quantities  of  calcium  and  phosphorus.  Since  animal  protein  pro- 
ducts are  generally  used  liberally  in  turkey  rations  and  since  these  materials 
contain  considerable  quantities  of  calcium  and  phosphorus,  turkey  mashes  in 
general  contain  more  calcium  and  phosphorus  than  do  chick  mashes.  It  is  a 
safe  practice  generally  to  assume  that  ample  quantities  of  phosphorus  are  sup- 
plied by  the  ingredients  making  up  a  high  protein  turkey  mash.  These  mashes 
usually  do  not  contain  excessive  amounts  of  calcium  and  it  is  the  common 
practice  to  supply  the  birds  with  some  additional  form  of  calcium  such  as  oyster 
shell  or  limestone  grit  fed  in  separate  hoppers. 

Nutrients 

In  addition  to  proteins,  vitamins,  and  minerals,  turkeys  require  carbohydrates, 
fats,  and  water.  The  feeding  of  scientifically  compounded  mashes  will  supply 
adequate  amounts  of  carbohydrates  and  fats  required  by  the  birds.  Since  water 
plays  an  important  role  in  growth,  the  necessity  of  an  ample  supply  of  clean 
fresh  water  cannot  be  over-emphasized. 

Use  of  Vegetable  Protein  Concentrates 

The  value  of  high  protein  turkey  mashes  has  been  demonstrated  for  several 
years.  The  cost  of  a  high  protein  mash  is  necessarily  greater  per  ton  than 
the  cost  of  a  mash  of  similar  quality  ingredients  but  containing  a  lower  level 
of  protem.  An  investigation  to  determine  whether  or  not  lower  priced  veg- 
etable protein  concentrates  might  be  used  to  replace  some  of  the  higher  priced 
animal  protein  products  was  inaugurated.  It  was  not  the  purpose  of  this 
investigation  to  replace  all  of  the  animal  protein  but  only  a  part  of  it  as  a 
variety  of  protein  carriers  is  desirable  in  formulating  a  ration  for  maximum 
results.  From  this  investigation  it  was  apparent  that  considerable  quantities 
of  vegetable  protein  in  the  form  of  soybean  oil  meal  or  corn  gluten  meal  can 
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be  used  to  replace  a  portion  of  the  dried  milk,  meat  meal,  or  fish  meal.  There 
ar«'  other  vegetable  protein  products  that  might  be  used  in  this  connection 
but  only  soybean  oil  meal  and  corn  gluten  meal  have  been  studied.  These 
concentrates  are  generally  available  in  quantity  and  ordinarily  sell  for  a  lower 
price  on  a  basis  of  their  protein  content  than  do  milk,  meat  meal,  or  fish 
meal.  The  vegetable  protein  concentrates  do  not  have  the  mineral  content 
that  the  animal  protein  concentrates  carry  and  for  this  reason  when  they  are 
used  to  replace  animal  protein,  mineral  adjustments  are  necessary. 

Corn  Gluten  Meal  Promotes  Early  Fleshing 

Soybean  oil  meal  and  corn  gluten  meal  functioned  with  equal  efficiency  from 
the  standpoint  of  growth.  The  birds  receiving  corn  gluten  meal,  however, 
showed  a  heavier  fleshing  condition  at  an  early  age  as  characterized  by  a 
covering  of  flesh  over  the  breast.  This  particular  source  of  protein  should 
be  valuable  in  meeting  the  requirements  of  producers  attempting  to  finish  turkey 
broilers  or  those  interested  in  marketing  a  portion  of  their  crop  prior  to  the 
Thanksgiving  season.  It  also  ofl^ers  possibilities  for  finishing  late  hatched 
poults  in  order  to  market  them  during  the  Christmas  season  when  there  is  a 
demand  for  small,  well-finished  turkeys. 

The  following  rations  have  been  compounded  to  contain  ingredients  that 
can  be  raised  on  Pennsylvania  farms  or  purchased  on  Pennsylvania  markets. 
They  also  supply  all  the  nutrients  in  balanced  proportions  that  are  needed  for 
fast,  economical  growth  and  good  finish.  The  first  column  gives  the  formula 
for  a  24  per  cent  protein  starter  using  only  animal  concentrates  as  the  prin- 
cipal source  of  the  protein  supply. 

Rations 


24%  Protein 

Turkey 

20%   Protein 

Turkey 

Starters 

Develop 

ers 

Using 

Using 

Using 

animal 

Using 

animal 

animal 

and 

animal 

and 

protein 

vegetable 

protein 

vegetable 

concen- 

protein 

concen- 

protein 

trates 

concen- 
trates 

trates 

concen- 
trates 

Yellow  com  meal   .  . 

280 

260 

310 

210 

Wheat  bran    

100 
100 

100 
100 

150 
150 

150 

Wheat   middlings    .  . 

150 

Ground  heavy  oats    . 

100 

100 

100 

100 

Alfalfa   meal    

50 

50 

50 

50 

Dried  milk 

100 

50 

50 

40 

Meat  scraps    

150 

150  ' 

170 

70 

Fish   meal    

100 

30 

•    • 

•    • 

Salt    

10 

10 

10 

10 

Cod  liver  oil   

10 

10 

•   • 

•    • 

Soybean  oil  meal  or 

corn  gluten 

meal  *     

•  • 

•  • 

100 
20 

•    • 

10 

140 

Calcium  carbonate   .  . 

20 

■■ 

1000 

1000 

1000 

1000 

Soybean  oil  meal,  corn  gluten  meal,  or  a  blend  of  the  two  may  be  used  Interchangeably. 
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The  second  column  gives  the  formula  for  a  ration  in  which  part  of  the 
animal  concentrates  are  replaced  by  corn  gluten  meal  or  soybean  oil  meal. 
This  is  done  to  produce  a  ration  that  will  cost  less  when  the  price  of  the 
animal  concentrates  are  relatively  higher  in  price.  The  developer  formulae 
are  given  in  the  third  and  fourth  columns  respectively. 

Growth  and  Feed  Consumption  Records  for  Bronze  Turkeys* 


"^ 

"^ 

Body 
Pounds 

Weight 
Per  Bird 

Total  Feed 
Pounds  Per  B^ 

an 

ft. 

Total  Feed 
Pounds  Per  Bi 
To  Date 

Males 

Females 

Day  old    

.11 

.12 

•    • 

•    • 

0 —  4  weeks    

.72 

.63 

1.50 

1.50 

4 —  8  weeks    

2.41 

1.97 

4.00 

5.50 

8 — 12   weeks    

5.80 

4.76 

9.00 

14.50 

12 — 16  weeks    

10.06 

7.69 

14.50 

29.00 

16 — 20  weeks    

15.02 

10.64 

17.50 

46.50 

20 — 24  weeks    

19.01 

12.46 

18.50 

65.00 

*  Pennsylvania    State 
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These  birds  were  raised  in  confinement  during  the  entire  growing  period 
and  did  not  receive  succulent  green  feed.  The  24  per  cent  starter  and  20 
per  cent  developer  with  the  animal  protein  concentrates  were  fed. 

The  Relation  of  Feed  Consumption  and  Growth* 

Feed  to  Produce  One  Pound  of  Gain 
Age  in  Weeks  Pounds 

1—5     2.22 

5—9     2.74 

9—13     3.55 

13—17     5.70 

17—21     7.08 

21—25     10.46 

Ave.   1 — 25  weeks   5.42 

♦  Pennsylvania   State   College   Bulletin   No.    321. 

Feeding  Suggestions 

Baby  poults  are  slower  than  chicks  to  establish  the  habit  of  eating.  For 
this  reason  feed  should  be  placed  before  them  at  an  early  age.  Shot' Id  tKey 
not  eat  before  60  hours  of  age,  some  may  become  weakened  and  die  from 
lack  of  feed.  Placing  hoppers  in  a  light  place  in  the  brooder  house  makes 
it  easier  for  them  to  find  the  feed.  Placing  an  electric  light  just  above  the 
feed  hoppers  is  a  help,  especially  if  the  brooder  house  is  rather  dark. 


A  few  turkey  raisers  have  adopted  the  practice  of  placing  a  few  older  poults 
in  with  each  group  of  those  just  hatched.  The  older  ones  teach  the  younger 
ones  how  to  eat.  Of  course  these  should  be  removed  as  soon  as  the  younger 
ones  have  learned  to  eat.  Giving  them  liquid  milk  at  the  start  is  a  means  of 
getting  some  feed  in  their  bodies  at  an  early  age.  This  practice  should  not 
be  continued  if  a  high  protein  turkey  starter  is  fed. 

Provide  Plenty  of  Hoppers 

A  sufficient  number  of  hoppers  should  be  provided  to  permit  at  least  one 
half  of  the  poults  to  eat  at  one  time.  At  the  start  they  prefer  to  eat  from  an 
open  type  of  container,  because  they  do  not  have  to  push  their  heads  through 
bars  or  other  obstructions.  When  metal  hoppers  with  oval  feeding  spaces 
are  used,  they  should  be  replaced  as  soon  as  the  young  turkeys  strike  the  upper 
part  of  their  beaks  on  the  metal.  Deformed  beaks  may  result  from  injuries 
on  hoppers.  .  .    . 

Turkeys  form  the  habit  of  wiping  their  beaks  on  the  feathers  of  other 
turkeys.  Wires  stretched  across  the  hoppers  to  provide  a  means  of  cleaning 
beaks  may  lessen  the  trouble  from  feather  picking.  It  is  common  for  turkeys 
to  start  feather  picking  in  the  fall  when  they  can  obtain  very  little  roughage. 
Feeding  heavy  whole  oats,  barley,  and  legume  hay  will  help  to  satisfy  this 
craving. 

Feed  Containers  Should  Aid  Sanitation 

The  overfilling  of  hoppers  and  the  use  of  an  unsatisfactory  type  results 
in  a  tremendous  waste  of  feed.  Not  only  should  one  consider  the  waste  but 
also  the  unsanitary  practice  of  allowing  poults  to  pick  up  feed  from  the 
floor  which  is  likely  to  be  contaminated.  Placing  all  hoppers  on  low  wire 
frames  will  prevent  poults  from  eating  feed  which  has  spilled  from  the  hoppers 
and  a  similar  practice  for  water  fountains  will  keep  poults  away  from  damp 
areas.  Hoppers  and  fountains  on  range  should  be  moved  frequently  to  clean 
areas. 

Green  Feed  and  Pasture 

Greens  are  not  essential  with  the  recommended  rations  but  there  are  turkey 
growers  who  prefer  to  feed  some.  If  long  stringy  greens  like  grass  and  alfalfa 
are  fed  in  the  houses,  they  must  be  cut  fine.  Poults  may  swallow  whole  stalks, 
which  can  cause  a  stoppage  in  the  digestive  tract.  This  trouble  seldom  occurs 
when  they  pasture  from  standing  stalks. 

Good  pastures  help  to  cut  down  the  grain  and  mash  consumption  after 
turkeys  are  placed  on  range.  The  grasses  and  legumes  that  are  used  in 
Pennsylvania  for  pastures  are  satisfactory  for  turkeys.  Rape  is  used  and  can 
produce  much  good  pasture  per  acre.  It  is  very  responsive  to  fertile  soils, 
rains,  and  good  growing  weather  and  may  be  ready  to  pasture  six  weeks  after 
seeding.  A  rape  pasture  may  furnish  feed  for  90  days.  For  late  forage  it 
sl.ould  be  seeded  from  the  first  to  the  middle  of  July,  but  rape  may  be  sown 
as  early  as  oats  planting  time.  If  broadcast,  it  is  seeded  at  the  rate  of  eight 
pounds  per  acre  and  harrowed  shallowly,  or  five  pounds  per  acre  when  drilled. 
An  acre  will  furnish  forage  for  75  to  125  turkeys. 
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Grain  and  Water  Consumption 

Water  is  necessary  at  all  times  and  should  be  kept  continually  before  the 
turkeys.  If  enough  liquid  milk  is  available  to  supply  half  the  drink,  the 
dried  milk  can  be  eliminated  from  the  mash.  After  the  turkeys  are  12  weeks 
old,  a  smaller  proportion  of  liquid  milk  will  meet  the  requirements.  Milk 
utensils  should  be  scalded  or  washed  with  a  disinfectant  at  least  every  few 
days. 

Turkeys  eat  more  grain  in  proportion  to  mash  when  high  protein  mashes 
are  fed  than  if  mashes  of  low  protein  content  are  used.  Cold  weather  also 
stimulates  an  appetite  for  grain.  For  this  reason,  late  hatched  poults  usually 
start  heavier  grain  consumption  at  a  younger  age  than  early  hatched  birds. 
As  turkeys  approach  maturity,  the  grain  consumption  usually  increases  and 
the  mash  consumption  decreases.  A  flock  of  May  hatched  birds  may  consume 
one  part  of  grain  to  four  or  five  of  mash  in  September.  By  December  the 
feed  consumption  may  be  four  parts  of  grain  to  one  of  mash. 


The  Absorption  of  Plant  Nutrients  in 
Relation  to  the  Production  of  Pennsylvania 
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Distributed  in  furtherance  of  the  Acts  of  Congress  of  May  8  and  June  30. 
1914,  Co-operative  Extension  Work  in  Agriculture  and  Home  Economics. 
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The  Absorption  of  Plant  Nutrients  in  Relation  to  the 
Production  of  Pennsylvania  Cigar-Leaf  Tobacco  ^  ^ 

I   T.  Thomas  and  D.  E.  Haley,  The  Pennsylvania  State  College,  and 
*   Otto  Olson,  Bureau  of  Plant  Industry,  U.  S.  Department 

OF  Agriculture 

Introduction 

Investigational  work  on  Pennsylvania  cigar-leaf  tobacco  was  initiated  by 
The  Pennsylvania  State  College  in  1893.  Later,  in  1912,  with  the  coopera- 
tion of  the  Bureau  of  Plant  Industry,  United  States  Department  of  Agricul- 
ture, tobacco  substations  were  established  at  Lock  Haven,  Clinton  county,  and  at 
Eph'rata,  Lancaster  county.  In  1931  the  Ephrata  station  was  abandoned  and 
the  various  field  experiments  relating  to  tobacco  have  since  been  conducted  at 
a  new  substation  situated  on  the  Lefever  farm  near  Roseville,  just  one  mile 
north  of  the  city  of  Lancaster.  Field  experiments,  however,  are  conducted  as 
before  at  the  Lock  Haven  substation. 

Lancaster  county  is  the  center  of  production  of  cigar-leaf  tobacco  m  Penn- 
sylvania and  it  is  for  this  reason  that  the  major  part  of  the  investigations 
relating  to  cigar-leaf  tobacco  has  largely  been  confined  to  this  area. 

Considerable  attention  is  now  being  given  at  the  Roseville  substation  to 
those  factors  which  have  to  do  with  yield  and  quality,  but  other  important 
phases  of  tobacco  production  are  likewise  given  due  consideration. 

The  Experimental  Field 
The  experimental  field  at  Roseville  comprises  10  acres  in  area  and  is  prac- 
tically level.  Although  not  limed  since  1910,  the  soils  are  quite  alkaline; 
having  a  reaction  approximately  equal  to  a  pH  of  8.0.  The  field  was  allowed 
to  remain  uncropped  for  the  three  seasons  preceding  1932,  and  as  no  fertilizer 
had  been  applied  for  a  long  period  previous  to  1932,  the  soils  were  in  a  low 
state  of  productivity  at  that  time. 

The  Soil 

In  1931  a  detailed  soil  survey  of  this  experimental  field  was  made  by 
Dr  A  L.  Patrick  of  The  Pennsylvania  State  College,  who  found  that  two 
types  of  soil  were  represented,  the  Hagerstown  silt  loam  and  the  Hagerstown 
clay  loam.     These  types  are  indicated  in  Fig.  1. 

The  Hagerstown  silt  loam  is  typical  of  the  Lancaster  county  area^  The 
brown  surfie  soil,  the  A-Horizon,  extends  to  a  depth  of  8  to  ^^  ^^^^es  and 
there  is  no  change  in  texture  until  a  depth  o  13  to  15  inches  » Y^'Juv  nf^ W 
this  point  there  is  a  gradation  into  a  pale  yellow  silt  loam  uncolored  by  organic 

matter. 

'                                       ,  ,.     ..        xf        ir     T(y»«      ThiQ   'nvp^tication  whs  rondiictrd  jointly  by   the 

1  Authorial    for  publication    May  .ir>,   ]?^f''^J;''\J^^^'^^^^^^^  of   tho   Ponnsylvania   Aprieul- 

r>rpartment8   of   A^icultural   I^V«»«^;^«>   [^Hf '^^^^^^^  Nutrition.    Bureau  Df   Plant 
tural   Kxperiment   Station   and   the   Dnij'io"  ol    iodhcio 

Industry.    United   States  Department   of   '^^'I'f'''-  ^^   ,^^    rec,uTenients    for    ti,e    degree 

-"Submitted    by    the    senior    author   m    P«';    "^../'S^^^^  the   Graduate   School  of 

of  Doctor   of   Philosophy   in   Agricultural   au«i  Biological   inemuiry 

rh<»   Pennsylvania   State    College,    IfWo. 
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EXPERIMENTAL  IDBACCO    FIELD 
LANCASTER    COUNTY  -   PENNSYLVANIA 


ALt    PLOTS    IN   TWO   AND    FOUR    YEA ,3     F6TAT|0N5 
ARC    cue    TWCNTY-FOURrH    Of  AN  ACRE     VVHii  F 
ALL   PCOT5    IN    ThRtC   YEAR   ROTATION    AM   ONE 
TWENTY- FIRST    OF   AN    ACR£. 


LEGEND 
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51 LT    LOAM 
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DEEP 

PHASE 


HA6ERST0WN 
SILT    LOAM. 
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SOJL    PHASE 
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SILT     LOAM. 
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Phase 
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HOfT€:'  w.TH  TMt  tictrrioN  or  the  cibcu   in  Tie*  Iff  (four  year  ruyrATtoNWHicM   i$7bV 
au.  othir  unlamlkp  a«cas   am  a^ .  '^ 

Fig.   1.— The  Roseville  Experimental  Field,   Showing  the  Various  Soil 
Divisions   and  the   Plot   Arrangements 


I 
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The  B-Horizon  is  a  reddish  yellow  friable  clay  loam  which  becomes  heavier 
md  more  reddish  in  color  to  increasing  depths  and  eventually  grades  into  a 
brick  red  granular  heavy  clay.  Borings  were  made  to  a  depth  of  40  inches 
but  no  bedrock  was  located. 

The  Hagerstown  clay  loam  occupies  the  higher  area  in  the  central  part  of 
the  experimental  field.  It  is  characterized  by  a  reddish  brown  clay  loam  soil 
which  grades  at  a  depth  of  approximately  nine  inches  into  a  granular  heavy 
red  clay  subsoil. 

The  Rotation 

As  indicated  in  Fig.  1,  that  part  of  the  experimental  field  devoted  to  a 
3-year  rotation  system  is  divided  into  3  tiers  of  31  plots  each,  so  that  every 
year  the  three  crops  concerned,  tobacco,  wheat,  and  legumes,  are  represented — 
wheat  following  tobacco  and  legumes  following  wheat.  Clover  is  the  legume 
grown  on  all  plots  of  the  individual  tiers  with  the  exceptions  of  plots  29,  30, 
and  31  where  it  is  replaced  by  alfalfa. 

Each  plot  of  the  individual  tiers  represents  1/21  of  an  acre  in  area. 

Field  and  Plot  Treatments 

When  wheat  was  grown  in  the  rotation  a  uniform  treatment  of  superphos- 
phate (16%  P2O5)  at  the  rate  of  300  pounds  per  acre  was  given  to  the  entire 
tier.  The  legumes  received  no  supplemental  additions.  In  the  case  of  tobacco 
each  plot  received  an  individual  treatment  as  indicated  in  Table  1.  Manure 
was  applied  approximately  one  month  before  the  tobacco  was  transplanted;  the 
other  fertilizers,  with  the  exception  of  nitrate  of  soda  which  was  applied  as 
a  side-dressing  about  30  days  after  transplanting,  were  broadcast  about  one 
week  before  transplanting.  However,  plots  16,  17,  and  18  were  fertilized  in 
the  row  at  the  time  of  transplanting. 

Plot  13  received  an  application  of  hydrated  lime  at  the  rate  of  1,000  pounds 
per  acre  and  was  the  only  plot  receiving  lime. 

Sulfate  of  potash  was  the  form  of  potash  used,  while  superphosphate 
(16%  P..O-)   served  as  a  carrier  of  phosphoric  acid  in  every  case. 

On  all"  plots  except  14,  cottonseed  meal  furnished  two-thirds  of  the  nitrogen 
applied,  while  nitrate  of  soda  furnished  the  remaining  one-third.  Plot  14 
received  one-third  of  its  nitrogen  from  cotton-seed  meal  and  two-thirds  from 

nitrate  of  soda.  . 

Tier  III  on  which  tobacco  was  grown  in  1934  was  in  legumes  in  1933  and 

had  lain  fallow  in  1932. 

Object  of  These  Investigations 
The  object  of  these  investigations  was  to  study  the  absorption  of  nitrogen, 
phosphorus,  and  potassium  by  tobacco  plants  during  their  growmg  season  as 
modified  by  field  treatment  and  other  environmental  conditions  and,  further, 
to  seek  a  possible  correlation  between  the  total  intake  of  these  three  important 
elements  to  the  total  yield  and  quality  of  the  crop  as  measured  by  the  pro- 
duction  of  "wrappers,"  "fillers,"  and  "seconds. 

Methods  of  Procedure 
Four  rows  of  tobacco,  66  plants  to  the  row,  were  grown  on  each  plot  of 
Tier  III  of  the  3-year  rotation  experiment  at  the  Roseville  substation  in  1934. 
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During  this  particular  growing  season  the  sixth  leaf  from  the  bottom  was 
aken  from  11  representative  plants  of  the  middle  two  rows  at  each  sampling. 
Therefore,  in  no  case  was  more  than  one  leaf  sample  taken  from  an  indivi- 
dual plant. 

The  first  sampling  was  made  46  days  after  the  transplanting  date  while  the 
following  samples  were  made  at  approximately  10-day  intervals  until  the  date 
of  harvesting.  The  samples  were  weighed  immediately,  packed  in  dry  ice  and 
brought  to  The  Pennsylvania  State  College  where  they  were  dried  at  a  tempera- 


Table  2. — Average  Weight  of  Individual  Leaves  of  the  1934  Tobacco  Crop  as  Based  on 

Samples   Taken   from   the   Experimental   Plots   of   Tier   III   at   Different   Intervals 

During  the  Growing  Season.    The  Results  are  Expressed  on  Moisture-free  Basis. 


Sampling 

Plot    No. 

First 

Second 

Third 

Fourth 

gm.  per  leaf 

gm.  per  leaf 

gm.  per  leaf 

gm.  per  leaf 

1                      

5.i56 

5.27 

4.65 

4.82 

3.60 

4.28 

4.58 

4.27 

5.43 

4.37 

3.60 

6.45 

4.40 

4.05 

4.29 

4.17 

3.67 

5.13 

3.38 

4.21 

3.6S 

4.84 

3.33 

4.29 

5.10 

4.76 

3.77 

4.52 

3.46 

4.76 

4.97 

7.20 

6.02 

6.69 

6.20 

5.00 

4.97 

6.18 

5.76 

5.87 

5.83 

5.26 

6.94 

6.7.% 

6.92 

6.83 

6.62 

7.02 

5.93 

5.31 

6.98 

5.50 

7.38 

6.17 

7.14 

6.86 

6.70 

6.60 

7.12 

6.67 

9.81 
9.91 
11.82 
9.59 
8.51 
8.34 
8.53 
6.80 
8.02 
8.86 
8.37 
8.41 
9.77 
8.90 
7.58 
7.18 
8.89 
11.. 33 
9.01 
9.40 
8.60 
10.84 
9.2o 
10.19 
10.01 
9.24 
8.85 
10.86 
9.41 

1  '4       on 

12.27 

2          

14.06 

3                     

11.91 

4              

12.92 

5                   

11.60 

6                  

12.29 

7                  .__     

11.42 

8          

10.11 

9                  

9.66 

10                  

10.82 

11       

12      

13            

12.07 
11.79 
13.29 

14                

12.17 

15                     

10.64 

12.05 

12.73 

14.01 

11.75 

11.90 

12.64 

13.19 

13.46 

12.56 

10.75 

13.86 

14.77 

13.79 

13.96 

14  76 

16            

17 

18      

19 

20                  

21              

22      

23                  

24                

25                 

26                   

27                    .  

28                       --- 

29                 

30                

7.35               1             ^i->-^ 

14.57 

31      -.. 

7.60 

lU.iiO 

Average    

4.41 

6.43 

9.28 

12.51 

ture  of  75°C.     The  dried  leaves  (lamina  and  midrib)  were  then  ground  and 
transferred  to  sample  bottles  and  kept  for  analysis. 

The  seed  beds  at  the  Roseville  substation  were  sowed  April  10  and  trans- 
planting was  made  June  8.  The  plants  were  topped  August  7  and  harvested 
August^4.  The  fourth  sampling  was  made  the  '^"er  date  wh.le  the  first, 
second  and  third  samplings  were  made  July  24,  August  3,  and  August  13, 
respectively. 
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Table  3. — The  Yield  of  Tobacco  of  the  Individual  Plots  of  Tier  III  as  Determined 

AT  THE   End   of   the    Curing    Period. 
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Plot  No. 

Total  yield 
Pounds  per  Acre 

"Wrappers" 

Percentage  of 
"Fillers" 

"Seconds" 

1              

1743 
1890 
1964 
1617 
1502 
1386 
1533 
1313 
1481 
1449 
1470 
1670 
1817 
1743 
1418 
1691 
1974 
2048 
1355 
1701 
1860 
1917 
1869 
1764 
1901 
1869 
1691 
2087 
1439 
1712 
2091 

37 

50 

70 

73 

71 

65 

74 

71 

76 

69 

75 

75 

80 

77 

76 

75    - 

74 

80 

64 

72 

70 

67 

71 

76 

73 

82 

63 

74 

59 

74 

75 

39 
36 
21 
25 
28 
29 
25 
27 
2S 
30 
24 
24 
20 
22 
23 
24 
25 
20 
33 
28 
29 
32 
26 
21 
23 
17 
23 
23 
32 
25 
25 
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17           

1 

18               

0 

19    

3 
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0 

21        

1 

22           

1 
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3 

24                

3 

25               

4 

26        

1 
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2. — The  Relative  Yield  of  Tobacco  from  the  31   Plots  of  Tier  III   for  the  Year   1934 


From  the  standpoint  of  quantity  and  distribution,  the  rainfall  for  1934  at 
th.  Roseville  substation  was  less  than  normal  for  this  area.  The  observed 
precipitation  as  compared  to  the  normal  was  as  follows: 

Month  Observed  Normal 

inches  inches 

March    2.12  3.53 

April   0.95  3.55 

May 2.73  3.53 

June 3.49  4.22 

July    4.28  4.54 

August    3.24  4.90 

From  transplanting  to  harvesting  a  precipitation  of  11.35  inches  was  re- 
corded; 3.01  inches  of  which  came  after  the  plants  were  topped. 


Table   4. — The  Nitrogen   Content  of   the    1934   Tobacco   Crop  as  Based  on   Samples   Taken 

from  the  Experimental  Plots  at  Different  Intervals  during  the  Growing  Season.     The 

Results   are   Expressed   on   the   Average   Moisture-free   Weight   of   the   Sixth    Leaf. 


Plot  No. 


1 
2 

3 
4 
5 
6 
t 

S 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 
29 
30 
31 


Mean 


First 


Per 
cent 


Mgm. 
per 
leaf 


5. 
4. 
5, 
4, 
4, 
4, 

^ 

o. 

4. 

4. 

4. 

5. 

4. 

5. 

4. 

4. 

4. 

5. 

4. 

5. 

4. 

4. 

4. 

5. 

4. 

4. 

4. 

4, 

4, 

5. 

4 

5 


13 

71 

19 

25 

56 

36 

08 

49 

79 

26 

08 

28 

04 

21 

&5 

50 

,11 

,46 

,23 

.29 

.83 

.53 

.10 

.40 

.87 

.51 

.88 

.45 

.30 

.51 

.01 


4.72 


286 

248 

241 

205 

164 

186 

233 

192 

260 

186 

183 

233 

222 

171 

208 

188 

188 

229 

177 

181 

178 

220 

170 

180 

248 

214 

184 

201 

183 

215 

249 


207.2 


Sampling 


Second 


Per 
cent 


4.82 

5.21 

4.05 

4.56 

4.87 

4.97 

4.91 

4.80 

4.94 

4.72 

4.78 

4.77 

4.97 

4.94 

4.61 

4.85 

4.86 

5.01 

4.64 

4.75 

4.60 

4.69 

4.83 

4.75 

4.83 

5.15 

4.54 

4.75 

5.21 

5.00 

4.91 


4.85 


Mgm. 
per 
leaf 


347 

314 

331 

283 

244 

247 

303 

277 

290 

275 

251 

331 

336 

342 

315 

321 

341 

207 

246 

332 

253 

346 

208 

339 

338 

.345 

299 

339 

348 

372 

373 

312.0 


Third 


Per 

cent 


4.69 
4.74 
5.00 
5.20 
4.76 
5.16 
5.31 
.45 


30 
78 
05 
84 
5.10 
5.00 
4.85 
5.29 
21 
10 
04 
80 
4.74 
4.93 
5.03 
5.09 
4.94 
5.13 
5.10 
5.16 
5.11 
5.27 
5.00 


Mgm. 
per 
leaf 


5.04 


Fourth 


Per 

cent 


4m 

4.54 

470 

4.88 

591 

4.27 

499 

4.43 

405 

4.01 

430 

4.31 

453 

4.41 

370 

4.55 

425 

4.47 

424 

3.77 

422 

4.43 

407 

4.3t5 

498 

4.60 

445 

5.25 

367 

4.79 

380 

4.81 

AM 

4.81 

577 

4.55 

454 

4.93 

451 

4.54 

407 

4.71 

535 

4.56 

465 

4.81 

518 

4.40 

494 

4.73 

474 

4.38 

4.52 

4.60 

.560 

4.33 

481 

4.83 

597 

4.98 

511 

4  66 

467.3 

4.57 

Mgm. 
per 
leaf 


557 

686 

500 

573 

466 

530 

503 

460 

432 

407 

535 

510 

587 

638 

510 

580 

612 

(^H 

580 

540 

596 

602 

648 

553 

508 

607 

679 

.597 

675 

735 

679 


575.2 
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Experimental 

From  the  dry  weight  of  the  samples  obtained  the  average  weight  of  an 
individual  leaf  was  calculated  for  each  sampling.  The  results  obtained  are 
given  in  Table  2. 

Under  the  supervision  of  Otto  Olson,  Federal  representative  at  the  Roseville 
station,  the  total  yields  from  the  different  plots  were  made  at  the  end  of  the 

Table    5. — The    Phosphorus    Content    of    the    Tobacco    Crop    as    Based    on    Samples    Taken 

FROM  THE  Experimental  Plots  at  Different  Intervals  during  the  Growing  Season.     The 

Results   are    Expressed   on    the    Average    Moisture-free    Weight   of    the    Sixth    Leaf. 


Sampling 

First 

Second 

Third 

Fourth 

Plot  No. 

Mgm . 

Mgm. 

Mgm. 

Mgm. 

Per            per 

Per 

per 

Per 

per 

Per 

per 

cent 

leaf 
17.7 

cent 

leaf 
19.4 

cent 

leaf 
24.5 

cent 

leaf 

1  

.319 

.269 

.250 

.241 

29.6 

0 

.269             14.2 
.327             15.2 

.295 
.265 

17.8 

.251 

24.8 
31.7 

.260 
.224 

36.6 

3   

17.7      !       .268 

26.6 

4  

.220             10.6 

.2:{3 

14.4            .257 

24.6 

.230 

29.8 

5  

.271              9.7 

.240 

12.0 

.226 

19.2 

.214 

24.8 

6   

.216              9.3 

.260 

13.2             .271 

22.6 

.209 

25.7 

7  

.295             13.5 

.239 

14.8 

.257 

21.9 

.212 

24.2 

8  

.218              9.3 

,245 

14.1 

.280 

19.0 

.209 

21.1 

9   

.250             14.7 

.260 

15.2 

.259 

20.8 

.213 

20.6 

10   

.zn 

10.1 

.265 

15.4 

.241 

21.4 

.207 

22.4 

11   

.304 

10.9 

.242 

12.7 

.243 

20.3 

.234 

28.3 

12 

.220             11.9 
.295             13.0 

.253 
.246 

17.6 
16.6 

.242 

.243 

20.4 
23.7 

.219 
.215 

25.8 

13   

275 

14   

.227              9.2 
.,307             13.2 

.263 
.266 

18.2 
18.2 

.252 
.276 

22.5 
20.9 

.237 
.237 

28.9 

15   

25.2 

16   

.258             10.8 

.26.'^ 

17.4 

.250 

18.6 

.247 

29.7 

17  

..329             12.1 

.270 

18.9 

.2Sr2 

24.2 

.2:^2 

29.5 

18  -. 

.244             12.5 

.275 

16.3 

.205 

30.0 

.229 

32.1 

19 

..346             11.7 

.277 

14.7 

.261 

2:i.5 

.226 

26. 5 

20  

.240             10.1 

.262 

18.3 

.267 

25.1 

.238 

28.4 

21   

.301             11.1 

.264 

14.6 

.279 

24.0 

.2,38 

30.1 

22  --- 

.265 

12.9 

.269             19.9 

.279 

30.3 

.227 

30.0 

23  

.341 

11.4 

.271             16.7 

.283 

26.2 

.233 

31.4 

24   

.255 

10.9 

.2^             20.3 

.294 

30.0 

.227 

28.5 

25  

.312 

15.9 

.291 

19.9 

.279 

27.9 

.238 

25.6 

26   

.255 

12.1 

.291 

19.5 

.289 

26.7 

.237 

32.9 

27  --- 

..358 

13.5 

.272 

17.9 

.290 

25.6 

.249 

36.8 

28  _- 

.207 

12.1 

.289 

20.G 

.324 

35.2 

.234            32.3 

29  

.341 

11.8 

.280 

18.7 

.286 

26.9 

.249 

34.8 

30 

.286 

13.6 

.293 

21.5 

.287 

32.5 

.246 

.36.4 

31   - -- -- 

.281 

13.9 

.283 

21.5 

.276 

28.3 

.230 

33.5 

Mean       

.279 

12.2 

.267 

17.2 

.268 

24.9 

.230 

28.9 

curing  season  and  the  tobacco  was  graded  according  to  the  usual  procedure 
into  "wrappers,"  "fillers,"  and  "seconds."  The  results  are  given  in  Table  3 
while  a  graphical  presentation  of  the  results  on  total  yield  may  be  found  in 
Fig.  2. 

The  percentage  of  nitrogen  in  all  samples  obtained  was  determined  and  the 
total  quantity  absorbed  by  a  single  leaf  was  calculated.  Table  4  shows  the 
percentage  of  nitrogen  in  the  dry  matter  and  likewise  the  total  quantity  of 
nitrogen  found  in  a  single  leaf. 

In  like  manner  the  percentage  of  phosphorus  and  the  total  quantity  of  this 
element  found  in  a  single  leaf  was  calculated.  These  results  are  given  in 
Table  5.     Similar  results  for  the  element  potassium  are  given  in  Table  6. 

A  graphical  presentation  of  the  data  obtained  showing  the  variation  in  the 
percentages  of  nitrogen,  phosphorus,  and  potassium  is  given  in  Figs.   3,  4,  5, 


Bulletin  331 — Plant  Nutrients  Absorbed  by  Tobacco 


11 


and  6,  while  the  data  on  the  quantity  of  these  elements  absorbed  during  the 
growing  season  are  given  in  Figs.  7,  8,  9,  and  10. 

Discussion  of  Results 

Investigations  concerned  with  soil  and  plant  interrelationships,  especially 
when  conducted  under  field  conditions,  often  yield  results  which  are  difficult 
to  evaluate.     The  reason  for  this  is  that  many  of  the  factors  involved  are  not 

Table  6. — The   Potassium   Content  of   the    1934   Tobacco   Crop   as   Based  on   Samples   Taken 

FROM  THE  Experimental  Plots  at  Different  Intervals  during  the  Growing  Season.     The 

Results  are  Expressed  on  the  Average  Moisture-free  Weight  of  the  Sixth  Leaf. 


Plot  No. 


Sampling 


First 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
2« 
27 
28 

29 

30 

31 


Per 
cent 


Mean 


3.11 

3.23 

3.76 

4.68 

3.G3 

4.09 

4.16 

3.54 

4.27 

3.35 

3.33 

4.53 

4.46 

3.76 

3.81 

2.38 

3.48 

3.71 

3.17 

3.59 

3.74 

5.05 

4.21 

4.80 

3.97 

4.92 

4.12 

4.00 

4.06 

4.m 

3.78 
3.92 


Mgm. 
per 
leaf 


173 
170 
175 
228 
131 
175 
191 
151 
2:^2 
147 
120 
247 
196 
152 
164 
99 
128 
190 
107 
151 
1.38 
245 
140 
206 
202 
234 
1.55 
208 
140 
208 
188 


Second 


173.8 


Per 

cent 

2.54 

2.88 

3.52 

4.4S 

3.23 

2.66 

3.36 

3.57 

3.40 

2.97 

2.72 

3.60 

2.74 

3.22 

2.72 

3.06 

3.28 

3.56 

2.58 

3.10 

3.26 

3.67 

3.55 

4.35 

3.68 

4.21 

4.34 

4.35 

3.70 

4.47 

3.85 


Mgm. 
per 
leaf 


Third 


Per 

cent 


3.47 


183 

174 

236 

275 

161 

132 

208 

206 

200 

173 

143 

250 

252 

223 

186 

203 

230 

211 

1.37 

216 

179 

271 

219 

311 

252 

282 

286 

.310 

247 

329 

293 


1.82 
2.32 
3.45 
3.54 
3.49 
3.72 
2.85 
3.48 
3.41 
2.92 
2.99 
.09 
.98 


Mgm. 
per 
leaf 


Fourth 


Per 
cent 


3. 
3. 
2.97 


225.1 


4.04 

2.79 
2.85 
3.. 32 
2.58 
3.66 
3.66 
.30 
06 
68 
88 
30 
3.93 
4.W 
3.10 
3.86 
3.75 


3.43 


179 
230 
407 
340 
207 
310 
243 
237 
274 
259 
251 
259 
380 
265 
306 
20O 
258 
376 
233 
344 
315 
467 
375 

375 
388 
397 
348 
504 
292 
437 
383 


.320.4 


1.74 

2.53 

2.49 

3.37 

3.66 

3.49 

3.33 

3.46 

3.25 

3.04 

3.19 

3.01 

3.88 

2.92 

3.01 

2.77 

2.98 

3.46 

2.69 

3.24 

2.69 

3.65 

3.65 

3.48 

3.55 

4.24 

3.51 

4.41 

2.96 

8.51 

3.62 


Mgm. 
per 
leaf 


3.25 


213 

355 

296 

408 

425 

428 

380 

350 

314 

329 

385 

356 

515 

343 

320 

334 

380 

484 

316 

386 

340 

482 

491 

438 

882 

587 

519 

609 

414 

518 

528 


407.1 


under  the  direct  control  of  the  investigator.  The  experiments  herem  described 
are  no  exception  to  the  general  rule,  and  it  is  necessary  to  repeat  such  work  at 
frequent  intervals  in  order  to  arrive  at  certain  definite  conclusions.  In  the 
meantime,  however,  it  may  be  possible  to  note  certain  trends  from  the  data 
obtained,  which  may  prove  to  be  of  practical  significance.  In  describing  the 
results  of  the  present  investigations,  attention  will  be  "^^'^  Z^^-^/'^^^j^ 
time  to  certain  factors  which  appear  to  influence  the  absorption  of  certain 
mineral  nutrients  and  which  therefore  aflfect  the  growth  and  development  of 

the  plants  studied. 

The  Effect  of  the  Soil 
While  the  Hagerstown  soils  are  naturally  quite  fertile   their  Productivity  is 
not  of  uniform  distribution.     The  inherent   fertility  of  soils   found   on  the 
experimental  farm  varies  considerably.     From  a  study  of  the  check  plots,  as 
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shown  in  Fig.  2,  it  is  quite  apparent  that  the  soil  near  plots  5,  10,  and  15 
is  less  fertile  than  soil  near  plots  20,  25,  and  30.  This  is  especially  evident 
by  the  yield  of  tabacco  obtained  from  plot  25.  These  variations  in  normal 
fertility  must  obviously  affect  the  chemical  composition  of  the  plants  grown 
thereon,  and  therefore  influence  both  yield  and  quality.  These  soils,  however, 
respond  to  fertilizer  treatment,  as  the  inherent  fertility  is  quite  low.  This  fact 
is  established  by  the  low  yields  obtained  from  plots  19  and  29  which  received 
no  fertilizer  treatment. 
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Fig.  3. — The  N,  P,  and  K  Content  of  Plants  from   Plots   1   to  8  Inclusive  of  Tier  III 
AS   Determined   at   Various    Intervals   during   the    1934    Season 

Percentages    are   based    on    tlie    dry    matter    of    tiie    sixtii    leaf.      To    obtain    absolute    values    for    P 
divide  by   10. 

The  Effect  of  Nitrogen 
Plots  3,  5,  6,  and  7  received  varying  quantities  of  nitrogen  in  the  fertilizer 
applied,  the  concentration  of  phosphorus   and  potassium   remaining  constant 
as  indicated  by  the  following  data: 


Plot   No. 

Quantity  of 

fertilizer 

applied 

Forirula 

Yield  of  tobacco 

Nitrogen 

content 

of  mature 

leaves 

Percentage 

Pounds  per 
acre 

Pounds  per 
acre 

Percentage  of 
wrappers 

5 

1,000 
1,000 
1,000 
1,000 

0-8-12 
3-8-12 
6-8-12 
9-8-12 

1,502 
1,386 
1,964 
1,533 

71 

74 

4.01 

(;  

4.31 

3    

4.27 

7    

4.41 
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From  the  standpoint  of  total  yield  and  the  production  of  wrappers  it  ap- 
pears that  the  treatment  of  plot  3  is  superior  to  the  treatments  of  the  other 
plots  of  this  group. 

The  effects  of  nitrogen  on  the  growth  and  development  of  tobacco  are  not 
only  governed  by  the  balance  of  the  nutrient  material  present  but  likewise 
by  the  form  of  nitrogen  used.  In  this  connection  it  may  be  stated  that  in 
the  fertilizer  mixture  applied  to  plot  3,  two-thirds  of  the  nitrogen  was  in  the 
form  of  cottonseed  meal  and  one-third  in  the  form  of  nitrate  of  soda.  In 
the  mixture  applied  to  plot  14,  one-third  of  the  nitrogen  was  in  the  form  of 
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Fig.  4.— The  N,   P,  and  K  Content  of   Plants  from  Plots  9  to   16  Inclusive  of  Tier  III 

AS   Determined   at   Various    Intervals   during  the    1934    Season 

Percentages    are    based    on    the    dry    matter    of    tiie    sixtii    leaf.  To    obtain    absolute    values    for    P 
divide  by    10. 

cottonseed  meal   and  two-thirds   in  the   form  of  nitrate  of  soda.     The  data 
obtained,  as  indicated  below,  indicate  that  cottonseed  meal,   from  the  stand- 


Quantity  of 

fertilizer 

applied 

Formula 

Yield 

of  tobacco 

Nitrogen 

content 

of  mature 

leaves 

Plot   No. 

Pounds  per 
acre 

Pounds  per 
acre 

Percentage  of 
1       wrappers 

Percentage 

3  .. 

1,000 
1,000 

6-&-12 
6-8-12 

1,964 
1,743 

70 

1              77 

! 

1 

4.27 

14 

5.25 

I 


>->., 
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point  of  yield,  is  more  satisfactory  as  a  carrier  of  nitrogen  than  nitrate  of  soda. 

In  the  case  of  a  slowly  decomposing  organic  material,  such  as  cottonseed 
meal,  however,  a  certain  quantity  of  readily  available  mineral  nitrogen,  such 
as  nitrate  of  soda,  should  be  used  at  the  same  time. 

As  indicated  in  Fig.  10  it  is  evident  that  the  absorption  of  nitrogen,  on 
the  whole,  occurs  gradually  during  the  growing  season,  although  the  per- 
centage of  nitrogen  as  indicated  by  Fig.  6  shows  a  tendency  to  fall  as  maturity 
is  attained. 
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Fig.  5. — The  N,  P,  and  K  Content  of  Plants  from  Plots  17  to  24  Inclusive  of  Tier  III 
AS   Determined  at  Various   Intervals   during   the    1934    Season 

Percentages    are   based    on    the    dry    matter    of    the    sixth    leaf.      To    obtain    absolute    values    for    P 
divide  by   10. 
N.  B.  Plot  21   should  be  "PKM." 

In  Table  4  it  may  be  observed  that  in  the  first  sampling  the  nitrogen  con- 
tent was  highest  in  those  leaves  obtained  from  plots  receiving  high  quantities 
of  nitrogen  but  lesser  quantities  of  phosphorus  and  potassium,  and  where 
alfalfa  preceded  the  tobacco  crop,  while  the  least  quantities  were  from  treat- 
ments containing  small  quantities  of  nitrogen  or  when  nitrogen  was  supplied 
mainly  as  nitrate  of  soda.  In  the  latter  case  this  was  probably  due  to  the 
fact  that  nitrate  of  soda  was  added  one  month  after  transplanting.  On  the 
fourth  sampling,  however,  the  high  quantities  were  registered  from  samples 
taken  from  plots  where  alfalfa  preceded  tobacco,  while  the  least  quantiti(S 
were  obtained  from  plots  which  received  low  nitrogen  or  low  phosphorus, 
and  in  some  cases  low  potassium  additions.  It  is  of  interest  to  note  that  the 
highest  quantity  of  nitrogen  was  obtained  in  plot  30,  where  alfalfa  precede  1 
tobacco  in  the  rotation  and  which  received  1,000  pounds  of  an  0-8-12  mixture. 
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The  Effect  of  Phosphorus 

In  the  fertilizer  mixtures  applied  to  plots  3,  8,  and  9  the  concentration  of 
phosphorus  was  varied  while  the  concentrations  of  nitrogen  and  potassium 
were  held  constant,  as  may  be  noted  from  the  following  data: 


Plot   No. 

Quantity  of 

fertilizer 

applied 

Formula 

1 

Yield  of  tobacco 

Phosphorus 

content 

of  mature 

Ipaves 

Pounds  per 
acre 

Pounds  per 
acre 

Percentage  of 
wrappers 

Percentage 

8     

1,000 
1,000 
1,000 

6-0-12 
64-12 
6-&-12 

1,313 
1,481 
1,964 

71 

76 
70 

.209 

q         

.213 

3       

.224 

These  results  indicate  that  the  response  to  phosphorus  additions  is  quite 
marked,  and  that  a  6-8-12  mixture  represents  a  satisfactory  balance  of  nutrients. 

Absorption  of  phosphorus  on  the  whole,  takes  place  slowly  during  the 
growing  season  as  may  be  noted  in  Fig.  10,  while  in  Table  5  it  may  be  noted 
that  the  first  sampling  showed  that  greater  quantities  were  absorbed  where 
nitrogen  or  potassium  was  lacking  or  where  alfalfa  preceded  tobacco  in  the 
rotation,  while  the  least  quantities  were  noted  in  samples  from  plots  which 
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Fig    6— Thb  N    P    and  K  Content  of  Plants  from  Plots  25  to  31  Inclusive  of  Tier  III 
tiG.  6.     i««^'^^/^'J^,^^j,  ^^  Various   Intervals  during  the    1934   Season 

Percentages  are  based  on  the  dry  matter  of  the  sixth  leaf.     Averages  for  the  31  plots  are  mcluded. 
To  obtain  absolute  values  for  P  divide  by  10. 
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had  received  no  phosphorus,  and  where  large  quantities  of  nitrogen  were 
appHed  in  the  treatment  and  especially  v^here  nitrate  of  soda  was  the  prin- 
cipal carrier  of  nitrogen. 

In  the  fourth  sampling,  the  highest  quantities  of  phosphorus  were  obtained 
from  plots  receiving  low  concentrations  of  nitrogen  and  potassium  in  the 
fertilizer  additions  and  where  alfalfa  preceded  tobacco  in  the  rotation.  The 
least  quantities  were  obtained  from  plants  receiving  mixtures  low  in  phosphorus. 

The  Effect  of  Potassium 

Plots  1,  2,  3,  and  4  received  varying  quantities  of  potassium  while  the 
phosphorus  and  nitrogen  concentrates  were  held  constant.     These  treatments 
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Fig.  7. — The  Absorption  of  N,  P,  and  K  by  Plants  for  Plots   1  to  8  Inclusive  of  Tier  III 
AS  Determined  at  Various   Intervals   during  the    1934   Season 

Quantities    are    expressed    in    milligrams    found    in    the    sixth    leaf.      To    obtain    absolute    values    fff 
P  divide   by    10. 

influenced  both  yield  and  production  of  wrappers  as  may  be  noted  from  the 
following  data: 


Plot   No. 

Quantity  of 

fertilizer        ! 
applied 

Formula 

yield  of  tobacco 

Potassium 

content 

of  mature 

leaves 

Pounds  per 
acre 

acre 

wrappers 

Percentage 

1   

1,000 
1,000 
1,000 
1,000 

6-8-4 

1.743 

87 
50 
70 
73 

1  74 

2    

6-8-8 

6-8-12 

6-8-16 

1,890 
1,960 
1,617 

2  .^'? 

4  "iirrnmri 

2.49 
3.37 
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These  plots  were  adjacent  to  an  area  which  was  seriously  infected  with 
\^';(d-fire  the  preceding  year.  As  a  result,  the  disease  was  contracted  before 
the  plants  on  these  plots  were  mature.  Moreover,  these  plots  were  of  a 
lower  fertility  than  others  some  distance  away.  From  the  results  obtained  it 
appears  that  potassium  was  a  limiting  factor  of  plant  growth  and  that  a  bal- 
ance represented  by  the  fertilizer  added  to  plot  3  was  more  desirable  from 
the  standpoint  of  yield  than  any  of  the  others.  An  increase  was  noted  in 
the  production  of  wrappers  as  well.  However,  a  6-8-16  formula  appears 
undesirable  from  the  standpoint  of  yield. 
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Fig.  S.-The  Absorption  of  N.  P.  and  K  by  Plants  for  Plots  9  to  16  Inclusive  of  Tier  III 
AS  Determined  at  Various  Intervals  during  the   1934  Season 
Quantities    are   expressed    in    milligrams    found    in    the    sixth    leaf.      To    obtain    absolute    values    for 
P  divide   by    10. 

Plot  3  did  not  show  a  high  concentration  of  potassium  in  the  fourth  sampling 
which  may  be  attributed,  in  a  measure,  to  the  influence  of  wildfire,  as  the 
third  sampling  showed  this  particular  plot  to  contain  relatively  large  quantities 
of  potassium,  being  exceeded  only  by  plots  20,  22,  and  30.  In  the  latter 
instances,  larger  quantities  of  manure  were  used,  alone  and  in  combination 
with  fertilizers  containing  small  quantities  of  nitrogen  when  a  0-8-12  fer- 
tilizer was  used  on  a  plot  where  alfalfa  preceded  tobacco  in  the  rotation. 

On  the  whole,  the  plants  containing  the  larger  quantities  of  potassiuni 
were  those  receiving  large  quantities  of  manure,  or  a  high  concentration  ot 
potash  in  the  fertilizer.  On  the  other  hand,  the  least  quantities  were  found 
where  small  quantities  of  either  potassium  or  phosphorus  were  applied,  the 
least  being  found  in  plot  1. 
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Bulletin  331 — Plant  Nutrients  Absorbed  by  Tobacco 
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11 
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The  absorption  of  potassium  during  the  growing  season  is  greater  than 
phosphorus  but  much  less  than  that  of  nitrogen.  This  condition  may  have 
been  different  if  the  precipitation  had  been  greater  than  that  registered. 

The  Effect  of  Manure 
It  should  be  noted  that  additions  of  manure  not  only  serve  to  increase  the 
organic  matter  content  of  the  soil  but  act  as  a  direct  fertilizing  material  as 
well.  An  application  of  manure  at  the  rate  of  10  tons  per  acre  carries 
approximately  100  pounds  of  nitrogen,  50  pounds  of  phosphoric  acid,  and 
100  pounds  of  potash. 
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Fig.  9. — The  Absorption  of  N,  P,  and  K  by  Plants  for  Plots  17  to  24  Inclusive  of  Tier  III 
AS   Determined   at   Various   Intervals   during   the    1934   Season 

Quantities  are  expressed  in  milligrams  found  in  the  sixth  leaf.  To  obtain  absolute  values  for 
P   divide   by    10. 

N.B.     Plot   21    should   be    "PKM." 

The   results   obtained    with   manurial    additions    with    and   without    supple- 
mentary additions  may  be  summarized  as  follows: 


1 

Potassium 

Manure 

Fertilizers 

Yield  of  tobacco 

content 
of  mature 

Plot 
No. 

leaves 

Formula 

Tons 

Pounds 

Pounds 

Percentage 

per 

per  acre 

per  acre 

ol  wrappers 

acre 

Percentage 

19    

(Check) 

1,355 

04 

2.09 

27    

10 

1 ,091 

63 

3.51 

21    

10 

i,66o 

0^-12 

1,860 

70 

2.60 

25    

(Check) 

1,000 

0-8-12 

1,901 

73 

3.55 

24    

10 

500 

,V8^12 

1,764 

76 

3.48 

'£i    

10 

1,000 

3-8-8 

1,860 

70 

3.65 

22 

10  > 

1,000 

3-8-12 

1,917 

67 

3.65 

20    

10 

1,000 

3-8-16 

1,869 

82 

4.24 

2S    

20 

2,037 

73 

4.41 

20    

(Check) 

1,439 

59 

2.96 

An  application  of  manure  alone  and  at  the  rate  of  10  tons  per  acre  does 
not  appear  desirable,  better  results  being  obtained  by  using  20  tons.  How- 
ever, an  application  of  1,000  pounds  of  an  0-8-12  fertilizer  appears  to  be  prac- 
tically as  efficient  as  a  20-ton,  and  superior  to  a  10-ton  application  of  manure. 

The  effect  of  potassium  when  used  with  manure  is  as  pronounced  as  in  the 
case  of  plots  1,  2,  3,  and  4  when  manure  was  not  used;  the  highest  produc- 
tion of  wrappers  of  the  entire  tier  was  obtained  from  plot  26  receiving  16 
units  of  potash  with  manure. 
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While  the  yield  and  production  of  wrappers  varied  materially  on  the  various 
check  plots  receiving  1,000  pounds  of  an  0-8-12  fertilizer  per  acre,  the  yields 
and  wrapper  production  were  quite  low  when  no  additions  were  made  as  in 
the  case  of  plots  19  and  29,  illustrating  the  necessity  of  manurial  or  ter- 
tilizer  additions. 
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The  Method  of  Applying  Fertilizers  and  Its  Effect 
The  fertilizer  additions  made  to  plots  16,   17,  and  18  were  applied  to  the 
row.     On  all  other  plots  the  fertilizers  were  applied  broadcast.     The  results 
obtained  in  yield  and  production  of  wrappers  may  be  summarized  as  follows: 
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Quantity  of 

fertilizer 

used 

Method  of 

Yield  of  tobacco 

Potassium 

content 
of  mature 

Plot 

^o. 

Formula 

api'lieation 

Pounds 

Percentage 

"'' 

Pounds 
p<'r  acre 

per  acre 

1,470 
1,0)1 

of  wrappers 

Percentage 

11   

l(i  

500 
500 

0^8-12 
0-8-12 

Broadcast 
Kow 

75 
75 

3.19 
2.77 

.» 

17    

1,000 
1,000 

t>-8-12 
0-8-12 

Jiroadcast 
Row 

1,%4 
1,!J74 

70 
74 

2.4y 

2.98 

12    

1>    

i,r)()0 

1,500 

.     0-8-12 
6-8-12 

Broadcast 
Row 

1,070 
2,048 

75 

80 

3.01 
3.46 

The  method  of  applying  fertilizer  to  the  row  appears  to  be  somewhat  more 
satisfactory  from  the  standpoint  of  yield  than  the  ordinary  method  of  broad- 
casting. There  is  likewise  a  tendency  toward  a  greater  absorption  of  nutrient 
materials  as  may  be  observed  from  Tables  4,  5,  and  6. 

Summary 

The  results  of  these  preliminary  investigations,  as  based  on  one  year's  work, 
indicate  that  the  absorption  of  nitrogen,  phosphorus,  and  potassium  is  rather 
closely  correlated  with  the  quantity  at  the  disposal  of  the  plants. 

That  clover  and  alfalfa,  when  grown  in  the  rotation,  add  considerably  to 
the  quantity  of  nitrogen  available  for  absorption,  is  evident  from  the  nitrogen 
content  and  relatively  high  yields  of  the  plots  receiving  a  fertilizer  mixture 
of  a  0-8-12  formula  when  applied  at  the  rate  of  1,000  pounds  per  acre.  These 
yields,  moreover,  indicate  a  marked  difference  between  the  inherent  fertility 
of  the  individual  plots. 

These  soils  respond  to  potassium  treatments.  The  best  application  from  the 
standpoint  of  yield  and  quality  is  1,000  pounds  per  acre  of  a  6-8-12  mixture. 
There  is  a  response  to  phosphorus  additions  as  well,  the  best  results  being 
obtained  when  the  same  mixture  and  quantity  are  used. 

Cottonseed  meal  appears  superior  to  nitrate  of  soda  as  a  carrier  of  nitrogen. 
The  yield  and  production  of  wrappers,  however,  appear  to  be  correlated  with 
the  formula  of  the  mixture.  A  6-8-12  mixture  at  the  rate  of  1,000  pounds 
per  acre  appears  to  be  most  desirable. 

While  excellent  results  have  been  obtained  from  the  use  of  a  6-8-12  mix- 
ture applied  at  the  rate  of  1,000  pounds  per  acre,  the  method  of  application 
is  a  factor  to  be  taken  into  consideration.  Applications  to  the  row  appear 
superior  to  the  ordinary  system  of  broadcasting. 

While  apparently  large  yields  were  obtained  from  additions  of  manure,  an 
application  of  1,000  pounds  of  a  0-8-12  mixture  proved  equally  efficient  to 
a  20-ton  application  of  manure.  In  any  case  the  supplementing  of  manure 
additions  with  a  3-8-12  mixture  at  the  rate  of  1,000  pounds  per  acre  appears 
desirable. 
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OEVERAL  investigators,  Hart  and  co- 
^  workers  (1925) ;  Bethke,  Kennard,  and 
Sassaman  (1927);  DeVaney,  Munsell,  and 
Titus  (1933);  and  Guerrant,  Kohler,  Hun- 
ter, and  Murphy  (1935),  have  shown  that 
the  vitamin  D  potency  of  the  egg  yolk  is 
dependent  upon  the  antirachitic  intake  of 
the  hen  producing  it.  Since  a  marked  rela- 
tionship has  been  shown  to  exist  between 
the  antirachitic  potency  of  the  egg  yolk  and 
the  antirachitic  intake  of  the  hen  producing 
it,  it  seemed  reasonable  to  expect  a  transfer 
of  the  vitamin  from  the  hen  to  the  chick 
which  could  be  measured  by  the  degree  of 
bone  calcification. 

In  previous  work  (Murphy,  Hunter,  and 

Knandel,  1934)  in  which  the  quantitative 

requirements  of  laying  and  breeding  hens 

for  vitamin  D  were  studied,  an  attempt  was 

made  to  measure  the  degree  of  transmission 

of  the  vitamin  from  the  hen  to  the  chick. 

The  quantity  of  vitamin  D  per  100  grams 

of  feed  given  to  nine  groups  of  Single  Comb 

White  Leghorn  hens,  from  time  of  hatch  to 

76  weeks  of  age,  ranged  from  0  to   135 

U.S.P.  units  as  shown  in  Figures  1  and  2. 

Vitamin  D  was  supplied  by  adding  a  cod 

liver  oil  concentrate  containing  270  U.S.P. 

units  per  gram  to  an  all-mash  laying  ration. 


♦Authorized  for  publication  on  August  2,  1935, 
as  paper  No.  700  in  the  Journal  Series  of  the 
Pennsylvania  Agricultural   Experiment  Station. 

tThis  work  was  made  possible  through  the 
establishment  of  a  fellowship  by  the  National  Oil 
Products  Co.,  Harrison,  N.J.  ^ 


Seven  of  the  nine  groups  were  confined  in 
pens  devoid  of  direct  sunlight.  Two  groups 
had  access  to  sunlight  and  to  limited  range. 
One  of  the  range  groups  received  34  U.S.P. 
units  of  vitamin  D  per  100  grams  of  feed. 
The  other  range  group  was  fed  the  laying 
mash  without  the  addition  of  the  cod  liver 
oil  concentrate. 

EXPERIMENTAL 
Chicks  hatched  from  the  hens  receiving 
the  various  amounts  of  vitamin  D  as  stated 
above  were  brooded  for  a  period  of  eight 
weeks  in  battery  brooders  housed  in  a  room 
from  which  direct  sunlight  was  excluded. 
The  chicks  were  fed  a  vitamin  D  deficient 
all-mash    ration    containing    43.5    pounds 
ground  yellow  corn,  10  pounds  wheat  bran, 
10  pounds   standard   wheat   middlings,   5 
pounds  alfalfa  leaf  meal,  10  pounds  meat 
scraps,  10  pounds  of  dried  milk,  10  pounds 
ground  oats,  1  pound  ground  limestone,  and 
0.5  pounds  of  salt.  At  four  and  eight  weeks 
of  age  4  representative  individuals  (2  males 
and  2  females)  were  killed  and  bone  ash 
determined  on  the  right  tibiae  following  the 
method  described  by  Murphy,  Hunter,  and 
Knandel  (1934).  The  split  proximal  end  of 
each  left  tibia  was  photographed  to  show 
the  degree  of  calcification. 

A  study  of  the  bone  ash  data  as  presented 
in  Figures  1  and  2  failed  to  indicate  a  trans- 
mission of  vitamin  D  effect  from  the  hen 
to  the  offspring.  A  careful  observation  of  the 
bone    photographs    made    at    four    weeks 
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Fig.  3.  Internal  structure  and  bone  ash  of  chick*  tibiae  at  one  week. 


Group 

U.S.?.  units 

Hatch 

nu-;ov^r 

of  D  oer 

No.  I 

iOO  gms. 

of 

feed** 

17 

BPSHP'~ 

and 

aiid 

3 

:^4 

Hatch 


%tch 


Average 
per  cent- 
bone  ash 
(3  hatches) 


1^0.  c; 
ashed 


f 


51 


68 


9 


£70 


Iff 


f 


ff 

ft 
I? 


f  T 

f 


to    e 


j9 


4r .  1 


43 


47.2 


♦All  chick?   rere  fee  l  vita;cin  L  c-ficiect   r- -1    :    fro;-    "   tchlng  date. 
**  Thf:   -it?.:iin  L  Intake  of  t-?  confined  breeding  hem  from  ^vhicb  the  cMcks  were  hatched. 


■■x«,vfiv«(..  .vwv«:.    />;«■.■.«>:  ..*^i. ; 


Fic.  4.  Internal  structure  and  bone  ash  of  chick*  tibiae  at  two  weeks. 
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♦All  chiQkz  v.ere  fed  a  vitanin  D  deficient   ration  from  htching  date. 
The  vitanin  D  Inta.^e  of  tne  confined  breeding  hen:,  from  vhich  the  chicks  vere  hatched. 


showed  superior  calcification  in  those  groups 
of  chicks  hatched  from  hens  that  received 
the  higher  levels  of  vitamin  D  in  their  ra- 
tions. A  study  of  the  bone  photographs 


made  at  eight  weeks  failed  to  reveal  an 
evidence  of  vitamin  D  carry  over  from  the 
hen  to  the  chick.  Since  evidence  showing  a 
transmission  of  vitamin  D  effect  from  the 
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Fig.  5.  Internal  structure  and  bone  ash  of  chick*  tibiae  at  three  weeks. 
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Fig.  6.  Internal  structure  and  bone  ash  of  chick*  tibiae  at  four  weeks. 
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hen  to  the  chick  was  obtained  at  four  weeks 
but  was  not  evident  when  the  chicks  were 
eight  weeks  of  age  it  was  thought  advisable 
to  make  bone  ash  determinations  and  bone 


photographs  at  weekly  intervals  during  the 
early  brooding  period. 

A  second  experiment  was  conducted  in 
which  the  vitamin  D  per  100  grams  of  feed 


II 


2&S 


given  to  five  groups  of  confined  breeding 
hens,  from  time  of  hatch  to  76  weeks  of 
age,  ranged  from  17  to  270  U.S.P.  units  as 
shown  in  Figures  3,  4,  5,  6,  and  7.  The 
vitamin  D  was  supplied  by  adding  a  cod 
liver  oil  concentrate  containing  270  U.S.P. 
units  of  vitamin  D  per  gram  to  an  all-mash 
laying  ration.  Three  groups  of  chicks  were 
hatched  from  each  pen  of  hens.  All  chicks 
from  each  hatch  were  marked  for  identifi- 
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of  bone  ash  data  and  bone  photographs 
obtained  at  the  time  the  chicks  were  one 
week  old,  Figure  3,  there  appeared  to  be  p 
direct  correlation  between  the  vitamin  D 
intake  of  the  hen  and  the  degree  of  bone 
calcification  in  the  resultant  chick.  At  two 
weeks  of  age  a  correlation  was  still  in 
evidence  but  not  as  marked  as  it  was  at  one 
week  of  age  (Figure  4).  The  evidence  was 
still  less  marked  by  the  time  the  chicks 


Fig.  7.  Internal  structure  and  bone  ash  of  chick*  tibiae  at  five  weeks. 
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cation  and  brooded  together  in  battery 
brooders  for  a  period  of  five  weeks.  All 
chicks  received  the  same  vitamin  D  deficient 
ration  as  was  fed  in  the  first  experiment. 
Every  seven  days  during  the  brooding 
period  representative  individuals  were  killed 
and  bone  ash  determined  on  the  right  tibiae. 
Bone  photographs  were  made  from  each  left 
tibiae. 

Figures  3  4,  5,  6,  and  7  show  the  aver- 
age percent  bone  ash  of  the  three  hatches 
together  with  corresponding  photographs  of 
representative  bones.  Because  of  the  small 
number  of  chicks  obtained  from  the  hens  in 
groups  2  and  3  these  hatches  were  combined 
and  considered  as  one  group.  From  a  study 


were  three  weeks  of  age.  These  differences 
in  the  degree  of  bone  calcification  disap- 
pearing at  a  very  early  age  explains  why 
negative  results  were  obtained  in  the  first 
experiment  at  eight  weeks.  The  differences 
apparent  in  the  bone  calcification  of  the 
chicks  at  an  early  age  were  perhaps  due  to 
the  vitamin  D  reserve  of  the  eggs  from 
which  the  chicks  were  hatched  and  not  to 
differences  in  the  mineral  content  of  the 
eggs.  Hart  and  co-workers  (1925)  found 
that  the  calcium  and  phosphorous  content 
of  the  whites  and  yolks  of  eggs  laid  by 
hens  irradiated  with  ultra-violet  light  was 
not  essentially  different  from  those  laid  by 
non-irradiated  hens. 
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It  is  of  interest  to  note  (Table  1)  the 
relationship  between  the  bone  ash  of  one- 
week-old  chicks  hatched  from  the  various 
groups  of  breeding  hens  and  the  vitamin  D 
potency  (Guerrant,  Kohler,  Hunter,  and 
Murphy,  1935)  of  the  egg  yolks  from  eggs 
produced  by  the  same  hens.  It  is  apparent 
that  the  vitamin  D  intake  of  the  hen  influ- 
ences the  vitamin  D  content  of  the  egg 
which  in  turn  has  a  marked  effect  on  the 
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SUMMARY 

From  the  bone  photographs  and  bone  ash 
determinations  of  a  total  of  346  sets  of 
bones  evidence  was  secured  to  indicate  that 
vitamin  D  is  transmitted  in  a  quantitative 
way  from  the  hen  to  the  chick.  Evidence  to 
show  the  vitamin  D  reserve  of  the  chick  is 
dependent  upon  the  vitamin  D  intake  of  the 
parent  stock  can  be  secured  when  the  chicks 
are  from  one  to  four  weeks  old. 


Table  l.—A  comparison  of  the  percent  hone  ash  of  1  week  old  chicks  with 

the  vitamin  D  potency  of  egg  yolk 


Group  number 


2 
3 
4 
5 
9 


U.S.P.  units 
of  D  per  100 
gms.  of  feed* 


171 
34J 
51 
68 
270 


Average  per- 
cent bone  ash 
(1  week) 


39.2 

42.1 
43.1 
47.2 


U.S.P.  units 

of  D  per  gm.  of 

egg  yoikf 


0.32 
0.54 
0.68 
0.68 
5.40 


*  The  vitamin  D  intake  of  the  confined  breeding  hens  from  which  the  chicks  were  hatched  and  from 
which  the  samples  of  egg  yolk  were  taken. 

t  Guerrant,  Kohler,  Hunter,  and  Murphy  (1935). 


degree  of  bone  calcification,  occurring  in 
chicks  during  the  early  growth  period. 

In  a  similar  study  Kline,  Elvehjem,  and 
Halpin  (1935)  conclude  that  the  level  of 
vitamin  D  in  the  hen^s  diet  had  little  effect 
on  the  percentage  of  ash  in  the  bones  of  the 
chicks.  However,  they  emphasize  that  the 
results  reported  in  their  paper  are  for  hens 
fed  amounts  of  vitamin  D  which  were  with- 
in the  range  used  under  practical  feeding 
conditions  and  that  the  feeding  of  much 
higher  levels  may  have  had  an  entirely  dif- 
ferent effect  on  the  degree  of  bone  calcifi- 
cation in  the  chick.  In  the  work  here  re- 
ported, the  hens  of  group  9  received 
approximately  four  times  more  vitamin  D 
than  is  ordinarily  used  under  practical  con- 
ditions, while  those  in  group  5  received  an 
amount  of  vitamin  D  which  Murphy, 
Hunter,  and  Knandel  (1934)  found  to  be 
optimum  for  laying  hens  denied  access  to 
sunlight. 
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INTAKE  ON  THE  VITAMIN  D  REQUIREMENT 

OF  RATS  IN  THE  PRODUCTION  AND 
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A  vast  amount  of  information  regarding  those  factors 
which  influence  the  physiological  processes  of  ossification  has 
accumulated  during  the  past  few  years.  Attention  has  been 
focused  primarily  upon  the  calcium  and  phosphorus  content 
of  the  diet  and  upon  the  presence  of  the  antirachitic  sub- 
stance or  substances.  It  has  been  conclusively  demonstrated 
that  certain  variations  among  these  three  factors  will  affect 
the  structure  of  bone.  Little  appears  to  be  known  concerning 
the  influence  of  other  dietary  factors  upon  the  development 
and  cure  of  rickets,  although  there  are  some  indications  that 
factors  other  than  those  mentioned  above  may  be  important 
in  this  connection.  This  is  especially  true  of  the  vitamin  A 
content  of  the  diet.  In  fact,  the  relationship  of  this  dietary 
factor  to  the  incidence  of  rickets  has  already  attracted  the 
attention  of  a  few  investigators.  Rohmer  and  Dubois  ('30) 
on  conducting  a  series  of  experiments  upon  rachitic  children 
receiving  a  minimum  effective  dose  of  vitamin  D  (300  to  600 
rat  units  of  viosterol  per  day)  accompanied  by  daily  adminis- 
tration of  3000  rat  units  of  vitamin  A  found  that  such  a 

*  Authorized  for  publication  on  December  16,  1935,  as  paper  no.  715  in  the 
journal  series  of  the  Pennsylvania  Agricultural  Experiment  Station. 

» Presented  by  Florence  S.  Tabor  to  the  faculty  of  the  Department  of  Agri- 
cultural and  Biological  Chemistry  of  the  Pennsylvania  State  College  in  partial 
fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 
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treatment  did  not  modify  the  action  of  viosterol  in  any  way. 
Bacharacli,  Allchorne  and  Hazley  ('31)  studied  the  effect  of 
adding  fresh  carrot  to  a  rachitogenic  diet  and  came  to  the 
conclusion  that  the  addition  of  1  gm.  of  fresh  carrot  daily  to 
such  a  diet  did  not  affect  the  rate  of  growth  of  rats,  whether 
given  in  the  absence  or  in  the  presence  of  vitamin  D.  Further- 
more, these  investigators  were  unable  to  find  any  correlation 
between  the  severity  of  rickets  and  the  rate  of  growth. 

Our  knowledge  of  the  marked  physiological  responses  pro- 
duced by  vitamin  A  rich  foods  led  us  to  believe  that  vitamin 
A  might  have  some  effect  on  the  vitamin  D  utilization.  Varia- 
tions in  the  carotene  content  of  yellow  corn  as  well  as  in  the 
Ca/P  ratio  may  play  a  part  in  the  variability  of  results  which 
have  been  obtained  in  different  laboratories.  Since  pure 
carotene  is  now  available  as  a  source  of  vitamin  A  and  since 
viosterol  is  available  as  an  uncontaminated  source  of  vita- 
min D,  it  appeared  desirable  to  study  the  problem  further. 
Hence  the  experiments  reported  in  this  investigation  were 
carried  out  for  the  purpose  of  determining  whether  a  rachito- 
genic diet  supplemented  with  different  quantities  of  carotene, 
as  a  source  of  vitamin  A,  exhibited  any  influence  upon  the 
incidence  and  cure  of  rickets.  The  results  obtained  were 
evaluated  from  both  the  chemical  and  osteological  findings, 
with  attempts  to  correlate  chemical  analyses  with  radio- 
graphic and  osteological  data. 

EXPERIMENTAL 

In  order  to  study  the  problem  in  question  young  growing 
animals  of  known  ancestry  were  depleted  of  their  body  stores 
of  vitamin  D  by  feeding  a  rachitogenic  diet  and  also  by  feed- 
ing a  similar  diet  after  it  had  been  supplemented  with  differ- 
ent levels  of  carotene.  At  the  end  of  the  depletion  period 
(twenty-first  or  twenty-third  days)  all  diets  were  supple- 
mented with  equivalent  amounts  of  vitamin  D. 

The  basal  diet  used  in  these  studies  was  the  Steenbock 
yellow  corn  ration  no.  2965  ('25)  which  consisted  (in  parts 
per  100)  of  yellow  corn  76,  wheat  gluten  20,  calcium  carbo- 
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nate  3  and  sodium  chloride  1.  Since  it  was  desirable  to 
maintain  a  definite  dietary  composition  in  order  to  produce 
a  comparable  degree  of  rickets  at  all  times  during  the  course 
of  the  investigation,  representative  samples  of  the  basal 
rachitogenic  ration  were  analyzed  and  found  to  have  the 
following  composition  (in  parts  per  100),  protein  24.26, 
calcium  1.52,  phosphorus  0.38. 

The  various  supplements  added  to  the  basal  diet  were: 
a)  Wesson  oil,  b)  a  carotene  preparation,^  containing  4200 
U.  S.  P.  units*  of  vitamin  A  per  gram,  c)  a  solution  of 
viosterol  in  olive  oil,  containing  1  U.  S.  P.  unit  of  vitamin  D 
per  milligram,  and  d)  U.  S.  P.  reference  cod  liver  oil,  con- 
taining 95  U.  S.  P.  units  of  vitamin  D  per  gram.  An  attempt 
was  also  made  to  use  a  fish-oil  concentrate^  which  contained 
2,025,000  U.  S.  P.  units  of  vitamin  A  per  gram  as  an  added 
source  of  this  vitamin  in  these  studies.  The  vitamin  D  con- 
tent of  this  product,  however,  was  so  great  that  severe  rickets 
could  not  be  obtained  when  the  desired  levels  were  fed. 

Rapidly  growing  rats  20  to  23  days  old  and  weighing  from 
39  to  45  gm.  each  were  placed  and  maintained  in  individual 
metal  cages,  which  were  provided  with  raised  screen  grids. 
Care  was  taken  to  insure  uniform  distribution  of  litters  and 
sexes  throughout  the  various  groups  of  experimental  animals. 
During  the  entire  experimental  period  all  animals  were  kept 
in  a  darkened  room  which  was  ventilated  by  means  of  an 
electric  fan.    Distilled  water  was  kept  before  the  animals  at 

» Acknowledgment  is  gratefully  made  to  the  8.  M.  A.  Corporation  of  Cleveland 
for  the  Primatene  used  in  this  investigation. 

*  Guaranteed  to  contain  not  less  than  3000  A.  D.  M.  A.  units  per  gram  and 
converted  to  U.  S.  P.  units  by  using  conversion  factor  1.4. 

•Acknowledgment  is  gratefully  made  to  Mr.  Harden  Taylor  of  the  Atlantic 
Coast  Fisheries,  through  whose  courtesy  a  fish-oil  concentrate  of  a  very  high 
vitamin  A  potency  was  obtained.  According  to  Mr.  Taylor  this  product  was 
prepared  from  a  halibut  liver  oil  concentrate  by  molecular  distillation.  Previous 
tests  by  Dr.  R.  J.  Mc Walter,  University  College,  London,  with  the  Hilger  quartz 
echelon  cell  spectrophotometer  gave  a  coefficient  of  absorption  E  of  960  at  3280 A ° 
through  1  cm.  of  1  %  solution.  The  exceedingly  high  potency  ascribed  to  this 
product  was  calculated  from  data  obtained  under  similar  conditions  on  a  con- 
centrate prepared  from  a  sample  of  U.  S.  P.  reference  cod  liver  oil  (3000  units 
per  gram). 
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all  times.  All  animals  were  weighed  at  weekly  intervals 
during  the  depletion  period  and  a  systematic  record  was 
made  of  all  changes  in  body  weight  and  food  consumption. 
For  the  purpose  of  dietary  treatment,  these  animals  were 
arranged  in  experimental  groups  of  eight  to  sixteen  animals 
per  group. 

At  the  end  of  the  depletion  period  and  again  at  the  end  of 
the  curative  period  all  animals  were  x-rayed  to  determine 
the  state  of  calcification.  At  the  latter  date  the  animals  from 
each  group  were  sacrificed,  the  blood  was  analyzed  for  cal- 
cium and  phosphorus,  and  the  long  bones  of  the  leg  were 
used  for  line  testing  and  for  bone  ash  analyses.  In  the  case 
of  the  blood  it  was  necessary  to  pool  samples  from  several 
animals  of  the  same  group,  otherwise  suflScient  amounts  were 
not  available  for  analysis.  Duplicate  determinations  were 
made  in  all  cases. 

To  compensate  for  the  lack  of  sensitivity  of  the  radio- 
graphic examination,  representative  animals  from  the  differ- 
ent experimental  groups  were  killed  by  bleeding,  as  controls 
at  various  stages  of  the  depletion  period,  and  line  tests  and 
bone  ash  determinations  were  made  of  all  bones  obtained 
from  such  animals.  In  addition,  the  blood  of  these  animals 
was  used  for  the  determination  of  calcium  and  phosphorus. 

At  the  end  of  the  various  depletion  periods,  the  remaining 
animals  in  all  groups  were  continued  on  the  respective  basal 
diets  and,  in  addition,  were  given  equal  amounts  of  vitamin  D 
of  a  definite  unitage.  After  these  animals  had  been  carried 
through  the  desired  experimental  period,  they  were  killed  as 
described  above.  The  degree  of  healing  or  calcium  deposi- 
tion  was  measured  by  the  x-ray  and  line  test  methods  and 
chemical  determinations  were  made  for  bone  ash,  blood  cal- 
cium and  blood  phosphorus. 

The  right  and  left  femora  and  the  tibiae  and  fibulae  were 
used  for  the  line  test  and  bone  ash  determinations,  respec- 
tively. These  bones  were  dissected  from  the  animals  and 
freed  from  all  adhering  tissue  immediately  after  the  animals 
were  killed.     The  femora  were  removed  for  line  tests  and 


photographic  records,  while  the  tibiae  and  fibulae  were  pre- 
pared for  ashing  by  the  usual  extraction  methods,  care  being 
exercised  to  prepare  the  bones  in  a  uniform  manner. 

The  proximal  ends  of  the  femora  were  examined  at  the 
termination  of  the  curative  period  by  the  line  test  technic 
for  evidence  of  recalcification.  The  tibiae  and  fibulae  from 
each  leg  were  wrapped  in  cheese  cloth,  dried  for  24  hours  in 
an  electric  oven  at  a  temperature  of  100° C,  extracted  con- 
tinuously with  hot  alcohol  for  8  hours,  and  again  with  ether 
for  the  same  length  of  time.  The  bones  were  again  dried  to 
a  constant  weight  as  described  above,  were  weighed  in  tared 
crucibles,  placed  in  a  muffle  furnace  and  ashed  for  4  hours 
at  dull  red  heat.  Crucibles  and  contents  were  cooled  in  a 
desiccator  over  night  and  weighed  the  following  day.  The 
percentage  of  bone  ash  was  calculated  on  the  basis  of  the 
dry  extracted  bone.  Standard  deviations  for  bone  ash  data 
were  calculated. 

Blood  samples  obtained  by  cardiac  punctures  were  allowed 
to  stand  in  the  refrigerator  over  night  in  order  that  the  serum 
might  exude.  The  serum  was  pipetted  oflF  and  centrifuged 
to  free  it  from  blood  cells.  An  aliquot  of  the  serum  was 
analyzed  for  calcium  by  the  Clark-CoUip  ('25)  modification 
of  the  Kramer-Tisdall  ('21)  method.®  The  inorganic  phos- 
phorus content  of  the  serum  was  determined  by  the  Young- 
burg  et  al.  method  ('30). 

DATA 

An  outline  of  the  general  plan  of  the  investigation  is  given 
in  table  1.  In  order  to  conserve  space,  summaries  of  data 
have  been  condensed  to  tabular  form  and  are  presented  in 

tables  2  and  3. 

The  general  plan,  which  was  applicable  to  all  groups  in 
each  series  of  experiments,  consisted  first  in  developing  defi- 
nite experimental  rickets  in  animals  under  uniform  experi- 
mental conditions  by:  a)  Feeding  rachitogenic  diets  to 
control  groups,  b)  supplementing  the  basal  rachitogenic  diet 

•The  mixture  was  allowed  to  stand  over  night  for  complete  precipitation  of 
the  calcium  oxalate. 
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with  definite  quantities  of  carotene  as  the  source  of  vitamin 
A,  and  c)  supplementing  the  basal  rachitogenic  diet  as  well 
as  the  diets  containing  the  added  amounts  of  carotene  with 
5  %  of  Wesson  oil. 

It  will  be  observed  that  the  outline  presented  in  table  1 
has  been  divided  into  two  parts,  i.e.,  the  depletion  period  and 
the  curative  period.  It  will  also  be  observed  that  two  sources 
of  vitamin  D  were  used  as  supplements  during  the  curative 

TABLE   1 

General  outline  of  the  experimental  procedure  during  depletion  and  curative 

periods 


GROUP 
NO. 

DEPLETION  PERIOD 

CURATIVE  PERIOD 

SERIES 

Number 
of  rats 

Days  on 
depletion 

Supplements  to  basal 
rachitogenic  diet 

Number 
of  rats 

Days  on 
curative 

Total 
Vitamin  Ti 

Vitamin  A  ^ 

Wesson  oil 

intake 

A 

1 

2 
3 

4 

4 
4 

21 
21 
21 

U.S.P.  units 

22 
90 

% 

8 
8 
8 

18 
18 
18 

U.S.P.  units 
18* 

18* 

18* 

B 

4 
5 
6 

5 
5 
5 

23 
23 
23 

•   • 

22 

90 

5 
5 
5 

14 
14 
14 

14* 
14* 
14* 

C 

7 
8 
9 

5 
5 
5 

23 
23 
23 

•   • 

22 
90 

5 
5 
4 

12 
12 
12 

12* 
12* 
12* 

D 

10 
11 
12 
13 

2 
2 
2 
2 

23 
23 
23 
23 

•   • 

22 

90 

5 
5 
5 

5 

7 
8 
5 

14 
14 
14 
14 

1* 
1* 
1' 
1* 

E 

14 
15 
16 
17 
18 
19 

4 
4 
4 
4 
4 
4 

21 
21 
21 
21 
21 
21 

•  • 

•  • 

22 
22 

90 
90 

•  • 

5 

•  • 

5 

•  • 

5 

7 
8 
8 
8 
7 
8 

14 
14 
14 
14 
14 
14 

3.99* 
3.99* 
3.99* 
3.99* 
3.99* 
3.99* 

F 

20 
21 
22 

6 
8 

7 

23 
23 
23 

•   • 

90 
90 

5 

•   • 

5 

8 
8 
6 

14 
14 
14 

3.99* 
3.99* 
3.99* 

G 

23 

6 

21 

•   • 

• 

• 

11 

16 

•   •   • 

*  U.  S.  p.  units  for  each  gram  of  diet. 

*  Viosterol  in  petroleum  ether. 

*  Viosterol  in  Wesson  oil. 

*  U.  S.  P.  reference  cod  liver  oil  in  Wesson 


o 
o 


pq 


O 


oil. 


STANDARD 
DEVIATION 

Oi    (M    rH    (M    Oi 
*>•    O    <M    CC    lO 

*                •               •                •                • 

O    CO    rH    iH    (M 
+1    +1    +1    +      +1 

-1-1.47 
±0.23 

±1.88 

^    t^    CO    C<1 

iH    rH    tJ<    H< 

•        '        '        . 

rH    rH    <M    rH 

+1  +1  +1  +1 

±3.45 
±0.59 

Od  ■«!*<  t^  CO  CO 

■^    "^    rH    Oi    CO 
•        •        .        .        • 

O    rH     (M    rH    CO 

+  +1  +1  +1  +1 

■ 

±3.95 
±1.06 
±3.06 

00 
00 

ci 

+1 

AVERAGE 
PER  CENT 
BONE  ASH 

00 

CO 

CO 

OS    tH    O    b- 

LO  ?o  00  o 

00*    CO*    lO    r-J 
CO    CO    0^    ^ 

00    CO    »> 

Tt<    (M    Oi 
... 

Cq    rH    rH 

CO      iC      Tt< 

O    ''f^    t^    "^ 
CO    rH    TjH    CO 

•                •               •                • 

-^     iH     (M    00 

"ill  CO  CO  '^ 

30.55 
43.35 

«0    ^    ©    Oq    rH 
*>:    GO    Cq    OI    00 

00  o  c<i  CO  (n 

CO    CO     CO     tJH     Tt< 

o 

CO 

• 

Oi 

42.61 
44.04 

CJ 

ci 

CO 

SERUM 

MILLIGRAMS  PER 

100  CC. 

Pk 

rH 

3.7 
.   Lost 
5.0 

00    !>.    00 
... 

rii    UZ    ^ 

00        .    rH    00 

i6     '  ^  io 

Lost 
6.1 

rH        .    O    CO    rH 
'^'        •    TJH    lO*    TjJ 

CI 

Cl    Cl 
ui    W5* 

• 
• 

oq 

CO* 

OB 

• 
• 

00        .        .    ^^ 

•  CO*      •  »o* 

.    00 
•    CO* 

.    O        .    Oi    CO 

•  i>*     •  ui  o 

• 

O    00 

•          • 

CO    '^ 

AVERAGE 

DAILY 

VITAMIN  A 

INTAKE 

9    . 

rH    00    lO    Tf 
W    O    Oi    rH 
rH    iH            rH 

00    CO 

o  o 

rH    rH 

t^    lO    Tt<    00    rH 
00    Oi    O    CO    CO 
CO    -^    O    rt<    O 

o 

CO    Oi 

00    lO 

• 
• 

•          •          • 

a;  : 

CO 

■ 

AVERAGE 

DAILY 

FOOD 

INTAKE 

O   lO    lO   »o 
lO    'Tjl   io   «o 

to  -.t  «>: 
xri  id  »o 

»ni  Oi  CO  d 
«... 

o   "^  Tt<  irs 

Oi    00 

•                • 

CO  iq  CO  c<i  Oi 
"TjJ  lo*  lo*  ui  o* 

o 
»o* 

io  id 

Oi 

• 

» 

2 

M 

H 
>- 

< 

a 

gm. 
62.2 

<®    Tt<    O    b- 
•       .       .       . 

CO    t*    lO    <M 

?o  iO  »o  t^ 

O    «0    ?D 

•              •              • 

rH    lO    CO 
CO    CO    CO 

(M    N    '«t    O 

•              •              •              • 

O    rH    CO    CO 
CO    CO    »0    CO 

52.0 
63.0 

t^  00   w  o  »o 

•            •            •            •            • 

rH    00     t^    rH     t* 
CO    CO    »0    CO    t^ 

• 

62.5 
63.9 

CO 

oi 

.2 

a 

gm. 

38.7 

rf    <M    to    C<I 
.       .       •       • 

(M    r-l    Tjl    lO 

"«t    "<*<    CO    Ifl 

»r3  t>  CO 
•     •     . 

■^    lO    l> 

"^  »o  »o 

t^    (M    (>J    O 

•               •               •                • 

Oi    Oi    rH    00 

CO  CO  T»<  Tti 

42.0 
45.0 

t^    00    T*<    o    o 

....         . 

(M    -^    O    CO    O 

^     It      Tt<      "^     CO 

« 

o 

48.8 
54.3 

00 

• 

CO 

SUPPLEMENTS  TO  BASAL 
RACHITOGENIC  DIET 

e 

OS 

^  : 

•        •        •       • 
.        •        •       • 

lO    IC    lO 

•  •          •          • 

•  •            •            • 

lO  »o 

»o 

to  lO 

• 
• 

< 

a 

S 
5 

> 

•e 

."3 

.      • 

a,    • 

• 

(M    <M    W    (M 
C<l    (M    (M    C^ 

o  o  o  o  o 

Oi    Oi    Oi    Oi    Oi 

o 
Oi 

o  o 

Oi    Oi 

• 
• 

*        *        * 

GROUP 
NO. 

r-l 

Tt<    t-    O    Tj< 

rH    lO    O 
rH    iH    CI 

(M    lO    00    CO 

(M    t' 

CO    CO    Oi    00    rH 

CO 

rH 

Oi    d 

CO 

d 

1 

<j  «  o  q  H 

p  w  f^ 

<J  PP  o  w 

P  w 

<«j  pq  O  W  Ph 

P  W  Ph 

o 

<D 


OQ 

.2 

d 
o 


f— I  o 

a  2 

^  to 

OQ  rM 

00  V 

"S  ^ 

H  O 

O  00 

^  '3 

®  _• 


II 


I 


46 


F.  S.  TABOE,  E.  A.  DUTCHES  AND  N.  B.  GUEEEANT 


EFFECT  OF  VITAMIN  A  ON  EICKETS 


47 


I 


4 


o 


© 


a  o 


tH  «0  CO  iH  CO 

CO  W  00  O  "^ 

O  r-i  C<i  IC  CO 

+1  +1  +1  +1  +1 


Ir*  «D  CO 

00  CO  lO 

id  tH  00 

+1  +1  +1 


"»*<  O  r-l  Ci 

00  TjH  t^  lO 

•  •  •  • 

rH  tH  CO  iH 

+1  +1  +1  +1 


ca  CO 

+1    +1 


<M  !>.    IC  O  CO 

«>•  rH    00  CO  CO 

•  •                •  •  • 

rH  ^    rH  CO  CO 

+1  +1  +1  +1  +1 


b-  lO  o 

03  T|H  TiH 

00  ©q  oq 

+1  +1  +1 


00 

oq 
+1 


w^W 

to 

C5 

t^ 

00 

fO 

C<J 

CO 

t* 

«o 

cq 

C^ 

t^ 

o 

05 

CO 

CO 

Oi 

^ 

00 

IC 

r-i 

t* 

lO 

Oi 

lO 

O) 

tH 

CO 

to 

to 

Oi 

05 

^ 

o 

CO 

00 

o 

to 

o 

(M 

CO 

t>- 

CO 

r-i 

'**< 

t* 

PERC 
BONE 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

00 

(M 

CO 

Tt< 

to 

(M 

lO 

CO 

t^ 

lO 

CO 

Tjl 

(M 

«o 

Oi 

^ 

OJ 

00 

03 

b- 

W 

'"t^ 

b- 

^ 

CO 

CO 

oa 

CO 

CO 

-* 

TjH 

^ 

CO 

CO 

^ 

CO 

'^ 

CO 

CO 

CO 

Tjl 

-* 

<M 

Tt< 

^ 

C<1 

ca 

H 

fk 

C3 

• 

a 

cq 

o> 

Oi 

o 

»H 

iO 

• 

o 

CO 

O 

«o 

r-i 

• 

r-i 

00 

«o 

OS 

CO 

r-^ 

on 

Pi 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

rA     • 

-* 

-'j^ 

lO 

«& 

iO 

«o 

to 

CO 

lO 

lO 

t^ 

»o 

»0 

«o 

to 

\o 

CO 

\o 

CO 

CO 

^»^ 

i^"" 

rtftjo 

SSo 

e8 

• 

• 

• 

• 

CO 

• 

m 

• 

• 

• 

•♦3 

00 

• 

OS 

• 

• 

• 

• 

o 

• 

• 

• 

• 

• 

OS 

• 

• 

CO 

• 

d 
» 

o 

• 

(O 

• 

• 

tH 

• 

rH 

rH 

• 

O 

• 

o 

• 

rH 

• 

t* 

• 

o> 

t* 

• 

CO 

CO 

o 

• 

• 

• 

iH 

• 

tH 

rH 

• 

H-l 

• 

r-i 

• 

rH 

• 

• 

• 

r-i 

lO 

00 

00 

o 

O 

t^ 

CO 

lO 

b- 

iO 

©q 

?o 

Oi 

O 

r-i 

«o 

lO 

b- 

CO 

CO 

00 

OS 

m 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

►5  b  ^ 

•< 

<M 

CO 

(M 

iH 

tH 

O 

rH 

rH 

r-i 

N 

CQ 

T-i 

o 

rH 

<M 

CJ 

1-i 

O 

w 

o 

o 

o 

• 

*<  2  '-'  5 

^  MM 


9 


»«    00    (M    rH 
OS    O    OS    C<1 


t*    CO 

r-i    00 


CO    ^ 

IC 

M< 

CO 

CO 

OS 

o 

OS    1-i 

o 

o 

o 

o 

CO 

lo 

CO    '^ 

"^ 

lO 

CO 

CO 

CO 

-* 

AVERAGE 

DAILY 

FOOD 

INTAKE 

g©i 

00 

• 

to 

• 

o 

• 

o 

• 

rH 

• 

OS 

• 

O 

• 

CO 

• 

OS 

• 

CI 

• 

• 

CO 

• 

OS 

• 

• 

CO 

• 

• 

CO 

• 

b- 

• 

• 

• 

o 

• 

• 

Cfc»0 

'«*< 

'^ 

-^ 

lo 

CO 

CO 

CO 

'^ 

Tt< 

^ 

to 

»o 

CO 

'^ 

'^t* 

'^ 

in 

CO 

CO 

^ 

»o 

»o 

"oS 

.  Jit) 

00 

CO 

CO 

o 

lO 

CO 

o 

Ol 

iO 

00 

1-i 

00 

CO 

iO 

00 

t^ 

M< 

CO 

"<*< 

o 

r-i 

CO 

O 

M 

1-^' 
^t^ 

CO 

OS 

OS 

CO 

00 

00 

• 

00 

CO 

• 

00 

• 

o 

• 

00 

• 

b- 

• 

• 

CO 

• 

00 

• 

• 

CO 

on 

Ph 

CO 

iO 

'"^ 

CO 

CO 

iO 

l> 

CO 

t> 

CO 

CO 

b- 

CO 

CO 

CO 

CO 

b- 

00 

lo 

CO 

t^ 

CO 

H 

O 

"3 

66.1 

• 

OS 

o 
id 

CO 

• 

IC 
CO* 

• 

CO 

• 

b. 

iq 

00* 

CO* 

• 

CO 

• 

o 

CO 

• 

00 

• 

CO 

• 

o 

• 

• 

o 

00 

• 

• 

on 

o 

• 

on 

(M 

• 

•< 

a 

lO 

lO 

u:) 

CO 

CO 

iO 

CO 

»o 

CO 

o 

CO 

CO 

CO 

CO 

ia» 

t* 

r* 

»o 

»o 

CO 

^ 

•<  ^  2 
t*  F-  2 


-•  ••    •• 

fti  00    ^ 


<M    fH 


la 

■a 

10 

OS 

<3S 

OS 

OS 

OS 

OS 

• 

"•1 

• 

CO 

T-t      CO 

CO 

OS 

n      m      to  . 

00    ""^^    <M    CO 


OS 
OS 

CO 


00    T*< 


M 

N» 

M» 

■• 

OS 

OS 

OS 

OS 

.    ^ 

OS 

OS 

OS 

M 

• 

* 

• 

C<1    CO 

CO 

rH    CO 

CO 

tH 

h3 

00 

< 
n 

o 

09 

g 

a 

P4 

is 


H 
O 
O 

M 
» 

o 

•< 


Q 

O 


^ 


lO    W5    »C 


»C    Irt 


U5    lO    1^5 


c8 


S 
ft.' 
to 


CQ    cq    ©1    Ol 

C<1    ©J    C<1    w 


W    CQ 

ca  CO 


o  o  o  o  © 

OS    OS    OS    OS    OS 


o  o  o 

OS    OS    OS 


D    • 

o 


rH    ««*<    t^    O    "* 


N    lO    00    CO 


(M    b- 


CO    CD    OS    00    rH 


CO    OS    C<I 
r^    r^    Ci 


00 

i 


<5  PQ  O  P  H 


Q  »  ^ 


CO 


<i  pq  O  W    Q  H 


<j  pq  o  pq  Pm 


P  pq  ^ 


l-H 


a> 

OQ 

•o 
*C 

0) 


o 
.a 

(« 

d 

cd 
a> 

OQ 
00 

<M 

o 

a 

o 


a> 


O 

a 

OS 
M 

ce 

o 

OQ 

d 


o 

00 
00 


.g.g  -s 


o 


O 
00 
00 

.g 

o 
u 

> 


O 

d 


o  o 

00  CO 

o  o 

•  M  .M 


M 

Ph* 


periods ;  namely,  irradiated  ergosterol  in  olive  oil  and  U.  S.  P. 
reference  cod  liver  oil.  Either  Wesson  oil  solutions  or  petro- 
leum ether  solutions  of  the  vitamin  D  supplements  were  used. 
The  data  have  been  likewise  summarized  with  reference  to 
depletion  or  curative  periods  and  are  presented  in  tables 
2  and  3,  respectively. 

The  values  for  serum  calcium  and  serum  phosphorus  as 
given  in  tables  2  and  3  represent  group  averages.  Owing  to 
limited  supplies  of  blood  serum  from  certain  groups  of  ani- 
mals, it  was  not  feasible  to  determine  both  calcium  and  phos- 
phorus. Degrees  of  healing  are  expressed  by  line  test  values 
in  the  conventional  manner,  i.e.  [( — )  (db)  (+)  (H — h) 
(-] — I — f-)].  The  degree  of  recalcification  which  is  character- 
ized by  an  unbroken  thin  line  of  darkened  granules  appearing 
on  the  metaphyseal  side  of  the  epiphyseal  cartilage  is  ex- 
pressed by  (H — h)>  greater  or  lesser  degrees  of  recalcification 
being  designated  accordingly. 

In  the  first  series  of  experiments  (series  A),  three  groups 
of  animals  (twelve  animals  per  group)  were  used.  The 
animals  of  group  1  received  the  unsupplemented  Steenbock 
rachitogenic  diet.  The  animals  of  group  2  received  the  above 
diet  after  sufficient  carotene  (see  footnote  3)  had  been  added 
to  furnish  22  U.  S.  P.  units  of  vitamin  A  for  each  gram  of 
food,  while  the  animals  of  group  3  received  a  similar  diet 
fortified  with  carotene  to  the  extent  of  90  U.  S.  P.  units  of 
added  vitamin  A  for  each  gram  of  food.  The  diets  used  in 
each  series  of  experiments  of  this  type  were  made  up  in 
quantities  sufficient  to  complete  the  experiments,  stored  in 
air-tight  containers,  and  maintained  at  a  low  temperature 
in  an  electric  refrigerator.  After  the  animals  comprising 
this  series  had  been  on  the  rachitogenic  diets  for  21  days, 
four  animals  from  each  group  were  killed  and  used  as  con- 
trols. The  remaining  eight  animals  of  each  group  received, 
in  addition  to  the  respective  basal  diets,  1  U.  S.  P.  unit  of 
vitamin  D  per  day  in  the  form  of  viosterol.  The  feeding  of 
this  vitamin  D  supplement  was  continued  for  a  period  of  18 
days,  at  the  end  of  which  time  the  animals  were  killed,  line 
tested,  etc. 


i 


i^ 


m 


I 


48 


F.  S.  TABOR,  R.  A.  DUTCHER  AND  N.  B.  GUERRANT 


II 


The  animals  in  the  second  and  third  series  of  experiments 
(B  and  C)  were  depleted  for  a  period  of  23  days,  since  it 
appeared  highly  desirable  to  obtain  a  more  marked  degree 
of  rickets  than  had  been  observed  in  series  A.  The  curative 
periods  were  decreased  to  14  and  12  days,  respectively,  since, 
in  the  first  series  (series  A),  recalcification  was  so  advanced 
in  all  groups  that  sharp  differentiation  between  groups  was 
difficult. 

Further  variations  were  introduced  in  series  D,  through 
the  introduction  of  a  definite  amount  of  fat  in  each  of  the 
above  diets.  In  this  series  four  groups  of  animals  were  used. 
The  animals  of  group  10  received  the  usual  rachitogenic  diet, 
while  group  11  received  this  basal  diet  after  5  %  of  Wesson 
oil  had  been  added  to  it.  Groups  12  and  13  received  the  diet 
containing  5  %  of  Wesson  oil,  which  also  contained  22  and 
90  units  of  vitamin  A  per  gram,  respectively.  The  vitamin  D 
supplement  used  in  this  series  was  viosterol  which  was  made 
up  to  such  a  volume  (in  Wesson  oil)  that  1  cc.  was  equivalent 
to  1  U.  S.  P.  unit.  This  supplement  was  fed  in  special  re- 
ceptacles on  the  first,  fifth  and  tenth  days  in  0.4  cc,  0.3  cc. 
and  0.3  cc.  portions. 

In  order  to  study  the  effect  of  the  presence  of  fat  in  the 
diet  on  the  vitamin  A-vitamin  D  relationship,  a  fifth  series 
of  experiments  was  carried  out.  This  series  of  experiments 
(series  E)  consisted  of  six  groups  of  animals.  In  the  be- 
ginning each  group  was  composed  of  twelve  animals,  but 
unfortunately  a  number  of  these  animals  died  during  the 
course  of  the  curative  period.  The  depletion  period  for  this 
series  was  21  days,  since  radiographic  examination  at  that 
time  revealed  that  all  animals  showed  a  marked  degree  of 
rickets.  The  animals  of  this  series  were  arranged  in  groups 
in  such  a  manner  as  to  make  possible  a  comparison  of  the 
responses  of  those  receiving  diets  supplemented  with  5  %  of 
Wesson  oil  with  the  responses  made  by  other  groups  receiv- 
ing the  rachitogenic  diet  containing  no  added  fat.  The  vita- 
min D  supplement  for  this  series  was  a  solution  of  U.  S.  P. 
reference  cod  liver  oil  containing  95  U.  S.  P.  units  of  vitamin 
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D  per  gram.  This  vitamin  D  supplement  was  fed  in  separate 
containers  in  0.5  cc.  portions  on  the  first,  fifth  and  tenth  days. 
This  amount  of  oil  was  equivalent  to  3.99  U.  S.  P.  units. 

Series  F  constituted  a  repetition  of  a  portion  of  the  feed- 
ing trials  of  series  E,  i.e.,  of  groups  15,  18  and  19.  In  this 
series  the  depletion  period  was  extended  to  23  days  because 
x-ray  examinations  on  the  twenty-first  day  revealed  that  the 
degree  of  rickets  manifested  at  that  time  was  somewhat  less 
than  was  desirable. 

The  animals  comprising  series  G  were  used  as  negative 
controls.  These  animals  were  maintained  for  37  days  on  the 
basal  rachitogenic  diet  without  additional  supplement.  At 
the  end  of  this  period,  the  animals  were  examined  to  deter- 
mine the  state  of  ossification,  using  the  various  criteria  de- 
scribed elsewhere. 

DISCUSSION 

These  experiments  were  designed  primarily  for  the  purpose 
of  determining  whether  vitamin  A  exerts  any  influence  upon 
vitamin  D  utilization  by  the  rat,  the  vitamin  A  being  fed  at 
different  levels,  while  the  amount  of  vitamin  D  remained 
constant.  While  agreement  of  opinion  regarding  the  cause 
and  cure  of  rickets  is  still  lacking,  four  methods  of  evaluating 
the  results  in  the  incidence  and  cure  of  this  disorder  have 
been  quite  well  established ;  namely,  x-ray,  line  test,  bone  ash 
and  chemical  analyses  of  the  blood  for  inorganic  constitu- 
ents, especially  calcium  and  phosphorus.  These  criteria  have 
been  used  in  an  attempt  to  establish  the  etiological  inter- 
dependence of  vitamins  A  and  D  in  the  production  and  cure 
of  rickets.  In  many  instances  lack  of  correlation  between 
these  criteria  has  been  strikingly  demonstrated. 

The  effect  of  adding  carotene  as  the  source  of  vitamin  A 
to  the  basal  rachitogenic  diet  may  be  observed  from  the  re- 
sults obtained  in  series  A  (table  2).  Mild  rickets  was  mani- 
fested by  animals  comprising  the  control  group  (group  1) 
as  well  as  by  those  animals  of  group  2  which  received  the 
rachitogenic  diet  supplemented  by  22  units  of  vitamin  A. 
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Severe  rickets  was  very  apparent  among  those  animals  of 
group  3  which  received  the  basal  rachitogenic  diet  supple- 
mented by  90  units  of  vitamin  A.  Similar  observations  were 
made  among  comparable  groups  of  animals  in  series  B  and 
C.  The  marked  similarity  of  results  obtained  from  the  sev- 
eral groups  of  animals  comprising  series  D  indicates  that 
when  Wesson  oil  was  added  to  the  diet  there  was  no  appre- 
ciable effect  on  the  severity  of  rickets  produced,  in  spite  of 
the  fact  that  the  total  gain  in  weight  made  by  the  animals 
on  the  low  fat  diet  (group  10)  exceeded  that  of  all  other 
groups  of  the  series.  A  discrepancy  appears  in  the  results 
obtained  from  all  groups  of  series  E.  Rickets  was  evident 
among  the  animals  of  the  control  group  (group  14),  while 
no  indication  of  this  disorder  appeared  in  group  15  and  only 
very  mild  rickets  was  observed  in  groups  16,  17,  18  and  19 
of  this  series.  Examination  of  the  data  does  not  disclose 
that  the  animals  had  either  lost  weight  or  were  refusing  food 
but,  on  the  contrary,  all  groups  had  shown  appreciable  gain 
in  body  weight.  In  order  to  verify  the  results  obtained  in 
the  above  series,  this  series  (series  E)  was  repeated  using 
three  groups  of  animals  (series  F).  But  here  again  the  ani- 
mals of  the  control  group  (group  20)  showed  evidence  of 
definite  rickets,  whereas  those  of  groups  21  and  22  mani- 
fested no  greater  severity  than  had  previously  been  shown 
by  comparable  groups  in  the  preceding  series. 

In  these  studies  x-ray  technic  was  found  to  be  less  accurate 
than  the  osteological  technic  in  determining  the  degree  of 
rickets.  It  was  found,  however,  to  be  sufficiently  accurate 
to  indicate  that  the  majority  of  animals  receiving  diets  supple- 
mented with  90  units  of  vitamin  A  per  gram  of  food  mani- 
fested a  more  marked  degree  of  rickets  than  did  the  control 
animals  or  those  animals  receiving  lower  levels  of  vitamin  A. 

A  second  criterion  for  estimating  the  intensity  of  rickets 
was  the  variation  in  bone  ash  values.  An  inspection  of  these 
data  shows  a  serious  lack  of  consistency.  In  the  case  of 
series  A  high  bone  ash  values  were  obtained  for  the  animals 
of  groups  1  and  2  (43.38  and  44.60  % )  and  decidedly  lower 


figures  were  obtained  for  those  of  group  3  (38.76  %).  Simi- 
lar irregularities,  although  less  marked,  were  obtained  in 
series  B  and  C. 

There  appeared  to  be  no  appreciable  differences  in  the 
average  bone  ash  values  among  the  groups  of  animals  com- 
prising these  two  series.  The  bone  ash  values  obtained  in 
series  D  were  noticeably  lower  than  those  which  had  been 
obtained  in  any  of  the  preceding  experiments.  It  should  be 
noted,  however,  that  this  constituted  a  preliminary  series  in 
which  an  insufficient  number  of  animals  was  used.  The  bone 
ash  value  for  the  control  group  (group  10)  was  the  lowest 
obtained  (25.80  %),  although  it  was  noted  that  the  animals 
in  this  group  made  a  greater  increase  in  body  weight  than 
did  the  animals  of  the  succeeding  groups.  It  is  possible  to 
explain  the  low  figure  mentioned  above  on  the  assumption 
that  rate  of  growth  is  recognized  as  a  predisposing  factor  in 
the  etiology  of  rickets.  The  bone  ash  values  for  the  animals 
of  the  remaining  groups  in  the  series  were  32.48,  30.55  and 
29.30  %,  respectively. 

Since  the  data  obtained  in  the  experiment  of  series  D 
indicated  some  tendency  toward  differences  in  bone  ash 
values  when  5  %  of  Wesson  oil  was  used  as  an  added  supple- 
ment to  the  rachitogenic  diet,  it  seemed  advisable  to  repeat 
the  experiments  of  series  D  using  a  larger  group  of  animals. 
The  data  obtained  in  this  series  (series  E)  disclose  sur- 
prisingly inconsistent  results.  The  animals  of  group  14  gave 
an  average  bone  ash  value  of  41.07  %,  yet  x-ray  examination 
had  indicated  severe  rickets  in  all  animals  of  the  group.  The 
animals  in  group  15  manifested  little  or  no  evidence  of  rickets 
and  the  average  bone  ash  value  for  the  group  was  51.23  %. 
In  group  16  two  animals  gave  no  indication  of  rickets  when 
observed  radiographically,  two  animals  showed  mild  rickets, 
and  the  average  bone  ash  value  for  all  animals  of  this  group 
was  48.34  %.  The  bone  ash  values  obtained  for  groups  17, 
18  and  19  were  43.35,  43.22  and  42.61  %,  respectively. 

In  an  attempt  to  clarify  the  discrepancies  just  described, 
another  experiment  consisting  of  three  groups  of  animals 
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was  carried  out.  The  three  groups  of  animals  composing 
this  series  (series  F)  received  the  same  dietary  treatment  as 
those  of  groups  15,  18  and  19.  The  animals  of  group  20  of 
this  series  exhibited  definite  rickets  in  all  cases,  although  the 
average  bone  ash  value  remained  at  41.97  %  or  considerably 
lower  than  the  value  obtained  in  group  15  of  the  preceding 
series.  Values  for  groups  21  and  22  were  in  agreement  with 
those  obtained  in  series  E,  in  that  there  was  no  appreciable 
lowering  of  bone  ash  values  although  rickets  was  manifest 
to  a  certain  degree  in  all  animals  of  the  series. 

Examination  of  the  data  in  table  2  discloses  a  wide  varia- 
tion in  bone  ash  values.  It  is  apparent  that  definite  correla- 
tion does  not  always  exist  between  severity  of  rickets  (as 
measured  by  line  tests)  and  bone  ash  determinations,  although 
duplicate  determinations,  when  made  on  the  bones  of  indi- 
vidual animals,  agree  consistently.  A  factor  which  may  have 
some  bearing  on  the  above  discrepancies  is  the  age  of  the 
test  animals.  Bone  ash  determinations  on  the  extracted  bones 
from  normal  animals  of  various  ages  gave  the  following 
values:  18  months,  63.20  %  ±  1.16  (S.D.)^;  12  to  15  months 
old,  56.03  %  ±  1.36  (S.D.) ;  40  to  50  days  old,  50.35  %  ±  2.01 
(S.D.) ;  and  30  to  40  days  old,  48.34  %  ±  1.64  (S.D.).  The 
value  obtained  for  negative  controls,  animals  at  the  end  of  a 
37-day  depletion  period,  was  27.80  %  z+i  2.28  (S.D.). 

Blood  phosphorus  values  obtained  in  series  A,  C  and  D 
disclosed  no  significant  differences.  Blood  calcium  values 
obtained  in  series  B  were  somewhat  lower  than  normal  values, 
although  there  was  not  a  very  great  difference  between  indi- 
vidual groups  of  the  series.  The  average  value  for  the  ani- 
mals of  the  control  group  (group  4)  was  6.8  mg.  of  calcium 
per  100  cc.  of  serum,  while  the  values  for  the  other  two 
groups  were  6.2  and  7.0  mg.  per  100  cc.  of  serum  respectively. 

In  the  case  of  the  animals  comprising  the  various  groups 
of  series  E  and  F,  both  blood  calcium  and  blood  phosphorus 
values  were  determined.  An  examination  of  the  data  in 
table  2  shows  that  the  product  of  these  values  for  all  groups, 

'8.D.  (standard  deviation). 


except  group  17,  was  30  or  less.  Kramer,  Shear  and  Siegel 
('31)  have  reported  that  active  rickets  is  present  when  this 
product  falls  below  30.  The  radiographic  and  bone  ash 
values  for  these  experiments,  however,  do  not  warrant  such 
a  conclusion.  The  addition  of  22  and  90  units  of  vitamin  A 
tended  to  lower  blood  calcium  and  blood  phosphorus  values, 
although  the  differences  between  groups  were  slight.  Atten- 
tion is  called  to  the  fact  that  bone  ash  values  remained  con- 
sistently high  in  spite  of  the  appreciable  lowering  of  blood 
calcium  and  blood  phosphorus.  In  other  words,  there  does 
not  seem  to  be  a  definite  correlation  between  bone  ash,  blood 
calcium  and  blood  phosphorus  values  as  obtained  in  these 
series  of  experiments  during  the  depletion  periods. 

The  influence  of  vitamin  A  on  the  vitamin  D  utilization 
and,  consequently,  on  the  cure  of  rickets  may  be  deduced  by 
likewise  considering  data  obtained  in  the  curative  periods. 
An  analysis  of  the  line  test  data  as  summarized  in  table  3 
shows  that,  in  general,  lower  values  for  average  line  test 
healings  were  observed  in  all  groups  receiving  vitamin  A 
supplements  than  were  observed  among  animals  of  the  con- 
trol group.  The  lowest  values  were  observed  among  those 
groups  receiving  the  basal  ration  supplemented  with  90  units 
of  vitamin  A  and  5  %  of  Wesson  oil  simultaneously.  There 
appears  to  be  less  correlation  between  bone  ash  values  and 
line  test  values  at  this  time  than  there  was  between  radio- 
gram and  bone  ash  values  at  the  end  of  the  depletion  periods. 

Further  examination  of  the  data  discloses  that  wide  varia- 
tion in  bone  ash  values  occurred  among  the  various  groups 
of  test  animals.  In  series  A  there  was  no  definite  increase  in 
bone  ash  in  any  of  the  groups  over  and  above  that  observed 
at  the  close  of  the  depletion  period.  Group  3,  with  the  lowest 
value  of  39.63  %,  gave  a  relatively  high  line  test  average 
(2.1),  while  group  2  with  a  bone  ash  value  of  47.96  %  gave 
a  line  test  average  of  only  1.7.  More  striking  discrepancies 
appear  among  the  bone  ash  data  of  series  B  and  C ;  yet  all 
of  these  groups  gave  high  line  test  averages.  Relatively  low 
bone  ash  values  were  found  for  all  groups  of  animals  com- 
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prising  series  D.  The  lowest  bone  ash  value  was  given  by 
the  control  group  (group  10) ;  however,  this  group  gave  the 
highest  line  test  value. 

Inconsistencies  in  bone  ash  values  are  further  emphasized 
in  those  groups  comprising  series  E.  The  control  group 
(group  14)  gave  a  lower  value  for  bone  ash  at  the  end  of  the 
curative  period  than  was  observed  at  the  end  of  the  depletion 
period.  Similar  observations  are  noted  among  the  animals 
of  groups  15  and  16.  Groups  17  and  18  manifested  a  marked 
increase  in  bone  ash  values  for  the  curative  period,  while 
group  19  showed  little  difference  between  bone  ash  values 
at  the  end  of  the  depletion  period  and  at  the  end  of  the 
curative  period.  The  results  obtained  in  series  F  were  very 
comparable  to  those  obtained  in  series  E.  On  the  basis  of 
these  bone  ash  data  only  indefinite  information  is  afforded 
relative  to  the  degree  of  recalcification.  This  opinion  has 
been  expressed  by  other  investigators  (Adams  and  McCoUum, 
'28). 

Since  there  appeared  to  be  a  definite  lack  of  correlation 
between  bone  ash  values  and  the  corresponding  line  test 
averages,  an  attempt  was  made  to  determine  the  range  in 
line  test  values  which  would  result  in  a  measurable  differ- 
ence in  the  percentage  of  bone  ash.  For  this  purpose  the 
tibiae  (fibulae  attached)  from  both  legs  of  four  animals  which 
had  shown  a  4(  +  )  line  test  healing  were  removed  and  bone 
ash  values  were  determined  according  to  the  technic  previ- 
ously described.  The  average  bone  ash  value  obtained  for 
this  group  of  animals  was  38.5  %  =h  3.6  (S.D.).  This  same 
procedure  was  repeated  using  six  animals,  which  gave  a 
1(  +  )  line  test  healing.  The  average  bone  ash  value  for  this 
group  was  33.1  %  ±  2.47  (S.D.).  In  other  words,  a  differ- 
ence between  a  4(  +  )  and  a  1(  +  )  in  line  test  values  was 
necessary  to  show  a  difference  of  approximately  5  %  in  bone 
ash  values.  It  appears,  therefore,  that  small  differences  in 
the  degree  of  recalcification  cannot  be  measured  quantita- 
tively by  the  bone  ash  technic. 


Variations  in  blood  calcium  and  blood  phosphorus  were 
obtained  among  those  series  of  animals  which  had  received 
vitamin  D  from  different  sources  as  a  supplement  to  the 
rachitogenic  diets.  One  U.  S.  P.  unit  of  vitamin  D  daily 
(viosterol  in  petroleum  ether)  was  the  supplement  used  in 
series  A,  B  and  C.  In  general,  it  may  be  pointed  out  that 
very  small  increases  in  the  values  over  those  found  at  the  end 
of  the  depletion  period  were  manifested.  Blood  phosphorus 
values  were  determined  for  series  A  and  C.  In  series  A  this 
value  increased  in  group  3,  while  for  groups  1  and  2  the 
value  was  lower  than  at  the  end  of  the  depletion  period.  In 
series  C  all  groups  manifested  an  increase  in  blood  phos- 
phorus; group  9  (receiving  90  units  of  vitamin  A  per  gram 
of  food  intake)  gave  the  highest  value.  Blood  calcium  was 
determined  for  series  B.  The  increase  in  this  element  over 
that  observed  at  the  end  of  the  depletion  period  was  very 
slight.  In  series  D  the  supplement  was  1  U.  S.  P.  unit  of 
vitamin  D  (viosterol  in  Wesson  oil).  In  this  series  an  in- 
crease in  the  blood  phosphorus  was  observed  among  all 
groups  of  animals,  the  values  ranging  from  5.2  to  7.0  mg.  of 
phosphorus  per  100  cc.  of  serum. 

Blood  calcium  and  blood  phosphorus  values  were  deter- 
mined in  series  E  and  F,  and  here  some  interesting  observa- 
tions were  made.  While  marked  increase  appeared  in  the 
calcium  values  above  those  observed  at  the  end  of  the  deple- 
tion periods,  there  was  no  great  increase  in  the  blood 
phosphorus  values  of  either  series.  No  difference  in  the 
blood  calcium  value  for  the  control  group  (group  14)  and 
the  group  which  received  the  rachitogenic  diet  plus  the 
Wesson  oil  (group  15)  was  apparent.  A  similar  value 
(11.5  mg.  of  Ca  per  100  cc.  of  serum)  was  given  by  group  17, 
while  lower  values  were  obtained  in  groups  16,  18  and  19. 
These  values  ranged  from  10.9  to  6.9  mg.  of  Ca  per  100  cc. 

of  serum. 

There  appeared  to  be  but  slight  differences  in  the  blood 
phosphorus  values  among  the  various  groups  of  these  series, 
the  values  ranging  from  6.9  to  5.3  mg.  per  100  cc.  of  serum. 
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The  values  for  series  F  were  similar  to  those  for  correspond- 
ing groups  in  series  E.  In  this  series  a  reference  cod  liver 
oil,  in  an  amount  equivalent  to  3.99  U.  S.  P.  units  of  vitamin 
D,  was  fed  as  the  supplement.  The  average  blood  calcium 
and  blood  phosphorus  values  for  groups  of  control  animals 
on  this  supplement  after  a  10-day  curative  period  was  found 
to  give  11.4  and  5.2  mg.  per  100  cc.  of  serum,  respectively. 

An  examination  of  the  values  obtained  by  the  chemical 
analyses  of  the  blood  serum  shows  a  lack  of  correlation  be- 
tween calcium  and  phosphorus  values,  line  test  values,  and 
bone  ash  values.  Differences  of  opinion  and  conflicting  re- 
sults concerning  such  findings  appear  in  the  literature.  It 
has  been  observed  by  Kramer,  Shear  and  Siegel  ('31)  that 
recalcification  in  rachitic  bones  is  preceded  by  a  rise  in  the 
blood  calcium  and  phosphorus.  Hess  et  al.  ('30)  have  ob- 
served that  there  is  a  lack  of  correlation  between  healing 
rickets  and  the  inorganic  phosphorus  of  the  blood  and  that, 
while  in  general  a  lowering  of  phosphorus  takes  place,  this 
is  not  necessarily  an  essential  feature  of  rickets. 

The  age  of  the  test  animal  may  have  some  bearing  on  the 
diversity  of  results.  Analyses  of  blood  for  inorganic  calcium 
and  phosphorus  from  normal  animals  of  various  ages  gave 
the  following  values  in  milligrams  per  100  cc.  of  serum :  3  to 
5  weeks— calcium  7.6,  phosphorus  8.7 ;  90  days — calcium  9.8, 
phosphorus  6.6;  17  months— calcium  9.6,  phosphorus  6.3; 
20  months— calcium  10.9,  phosphorus  6.3. 

SUMMARY 

The  production  of  rickets  in  the  growing  rat  receiving  a 
rachitogenic  diet  supplemented  and  unsupplemented  with 
carotene  as  the  source  of  vitamin  A  has  been  studied  by 
means  of  x-ray  examination,  line  test,  bone  ash  determina- 
tions, and  by  an  analysis  of  the  blood  serum  for  calcium  and 
phosphorus.  The  subsequent  recalcification,  when  corre- 
sponding animals  received  such  diets  supplemented  with 
vitamin  D  from  two  sources,  has  been  investigated  in  a 
similar  manner. 


The  manifestations  of  the  interrelationship  of  vitamin  A 
and  vitamin  D  in  the  etiology  of  rickets  depend  no  doubt 
upon  several  factors,  among  which  may  be  mentioned  1)  past 
ancestral  and  nutritional  history,  2)  the  age  of  the  animals, 
and  3)  individual  variation  among  animals  of  the  same  age. 
It  may  be  observed  that  the  values  found  for  the  percentage 
of  bone  ash  for  normal  animals  of  different  ages  varies  with 
age.  There  is  also  variation  in  the  blood  calcium  and  blood 
phosphorus  among  normal  animals  of  different  ages.  It  is, 
therefore,  highly  desirable  that  all  experimental  animals  used 
in  a  study  of  this  nature  be  from  the  same  genetic  source 
and  be  carefully  standardized  according  to  age. 

The  efficient  conversion  of  carotene  to  vitamin  A  undoubt- 
edly varies  among  individual  animals.  Consequently,  a  de- 
tailed study  of  the  problem  necessitates  the  use  of  a  natural 
vitamin  A  concentrate  free  from  vitamin  D  in  order  to  insure 
a  clearer  understanding  of  the  vitamin  A-vitamin  D  relation- 
ship. Until  it  is  possible  to  procure  such  a  supplement,  this 
interrelationship  cannot  be  readily  demonstrated. 

The  following  observations  were  made  during  the  course 
of  the  experiment : 

Rachitogenic  diets  containing  90  U.  S.  P.  units  of  vitamin 
A  per  gram  of  diet  seemed  to  produce,  during  the  depletion 
period,  an  increase  in  the  severity  of  rickets  among  growing 
rats  over  and  above  that  produced  by  a  similar  diet  which 
did  not  contain  added  vitamin  A  supplement. 

The  radiographic  examination  at  the  end  of  the  depletion 
period  was  a  more  reliable  index  of  the  intensity  of  rickets 
than  was  the  percentage  of  bone  ash. 

Evidences  of  satisfactory  correlation  between  the  percent- 
age of  bone  ash  and  corresponding  radiograms  were  not 
obtained. 

Inconsistencies  between  the  calcium  and  phosphorus  con- 
tent of  the  blood  serum  and  bone  ash  values  were  also 

apparent. 

When  equivalent  unitages  of  vitamin  D  were  administered, 
rachitogenic  diets  containing  90  U.  S.  P.  units  of  vitamin  A 
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per  gram,  with  and  without  5  %  of  Wesson  oil,  appeared  to 
retard  recalcification  (as  measured  by  line  test  technic)  to  a 
greater  extent  than  was  observed  when  similar  diets  which 
did  not  contain  any  vitamin  A  supplement  were  fed. 

Data  obtained  as  a  result  of  bone  ash  determinations  and 
blood  serum  analyses  did  not  appear  to  be  in  agreement  with 
line  test  data. 

From  the  results  obtained  in  this  investigation  the  line  test 
data  appeared  to  be  the  most  reliable  criteria  of  recalcifica- 
tion. 
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PRE-HARVEST  SPRAYING  OF  APPLES  FOR 
REMOVAL  OF  LEAD  RESIDUES' 

Harlan  N.  Worthley  and  Donald  E.  H.  Frear,  The  Pennsylvania  State  College 

The  advantages  of  a  wash  solution  that  could  be  applied  to  fruit 
hanging  on  the  trees  to  reduce  the  level  of  spray  residues  are  obvious. 
Growers  already  possess  the  machinery  necessary  for  application.  In 
orchards  where  residues  at  harvest  customarily  exceed  the  tolerance  by 
a  relatively  slight  margin,  such  treatment  might  obviate  the  necessity 
for  special  washing  treatment  before  packing.  Where  almost  continuous 
spraying  produces  residues  that  now  require  drastic  and  expensive 
washing  treatment,  a  successful  pre-harvest  residue-removing  applica- 
tion might  permit  a  milder  washing  treatment  to  produce  satisfactory 

results. 

During  the  season  of  1935,  18-year  old  trees  of  the  Stayman  Winesap 
and  York  Imperial  varieties  were  given  cover  sprays,  as  indicated  at 
the  top  of  table  1,  on  June  18  and  25,  July  2  and  16,  and  August  12. 
Other  Stayman  Winesap  trees  that  had  received  a  fourth  cover  spray 
early  in  July  were  given  a  final  application  of  oil-lead  in  mid-August.  For 
a  preliminary  study  of  residue-removing  sprays,  three  materials  were 
applied  to  the  trees  with  a  power  sprayer  on  Septerber  15.  These  ma- 
terials were  hydrated  lime  10  pounds  per  100  gallons,  ammonium  nitrate 
8  pounds  per  100  gallons,  and  paste  Vatsol  one-half  pound  per  100  gallons, 
each  at  the  rate  of  10  gallons  per  tree.  A  greater  concentration  of  Vasol 
might  have  been  desirable,  but  greater  amounts  produced  excessive 
foaming  under  agitation  in  the  spray  tank. 

Duplicate  fruit  samples  for  analysis  were  picked  from  the  lower  limbs 
of  the  trees,  and  duplicate  determinations  for  lead  were  made  by  the 
method  of  Frear  &  Haley .^  Samples  were  taken  on  September  9,  before 
the  sprays  were  applied,  and  at  harvest  on  October  15.  Further  samples 
taken  in  an  identical  manner  at  harvest  were  given  a  one-minute  ex- 
posure to  1.5  percent  hydrochloric  acid  in  a  flotation  washer  before  ana- 
lyzing for  lead. 

The  complete  data  for  the  experiment  are  presented  in  table  1.  Doubt- 
less because  the  figure  given  for  each  combination  involves  fruit  samples 
from  a  single  tree  only,  the  data  show  considerable  variation.  For  this 
reason  no  attempt  will  be  made  to  distinguish  between  the  two  control 
Echedules  employed  on  both  varieties.  However,  with  one  exception  (fol- 
lowing supplementary  treatment  with  ammonium  nitrate)  the  averages 
show  a  residue  more  difficult  to  remove  from  York  Imperial  than  from 
Stayman  Winesap,  a  result  in  line  with  previous  apple-washing  expe- 
rience. For  this  reason,  comparisons  of  the  average  effectiveness  of  the 
three  residue-removing  sprays  tested  may  be  justified. 

Two  questions  present  themselves.  First,  is  the  natural  loss  of  lead  per 

1  Autliorizetl  for  piililicntion  on  Derember  17,  \9li5,  as  pnj)er  No.  716  in  tlie  Journal  series  of  the  Pennsyl- 
vania Agricultural  Hxperinient  Station. 

2  Froar,  D,  E.  H.  and  1).  K.  Haley.  lU'M.  A  simplified   method  f<»r  the  rapid  determination  of  lead  residue- 
o    apples.  I*a.  Ak.  Kxp.  Sta.  Hul.  304. 
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oJie^temb^ltfrhf^^^^        ^^P-^'  as  affected  by  supplementary  sprays  applied 
on  sjeptemoer  15.  ihe  amounts  are  in  grams  per  pound.  ^    j      ft- 


Sample  Takkn 


Hefore  supplementary 
treatment 

After    supplementary 
spray   of    hydrated 
lime  10:100 
At  harvest 
After  washing 

After    supplementary 
spray  of  ammonium 
nitrate  8:100 
At  harvest 
After  washing 

After    supplementary 
spray  of  paste  Vat- 
sol .5:100 
At  harvest 
After  washing 

After  no   supplemen- 
tary treatment 
At  harvest 
After  washing 

Average 

At  harvest 
After  washing 


Date 


FiVK  COVKR  Sl'RAVS  OF  LeAD  ArHENATE  3:  100  PLUS 

Flotation  Sulfur 

5 :  100  plus  Fish  Average 


Orthol  K 
1:100  in 

oil    ^«r.  °-  Last  Cover 

Oil  1:400  oni^, 

Stayman      York     Stayman      York     Stayman      York        Total       Stayman 
Sept.    9  .109  .098 


Lime  Sulfur 
1:50 


Oct.    15 
Oet.    17 


Oct.    15 
Oct.    17 


Oet.    15 
Oet.    17 


.  005 
.011 


Oet. 
Oet. 


15 
17 


Oet.    15 
Oet.    17 


,047 
.009 


,071 
.  009 


,  07.'{ 


,064 
,01 


.008 
.011 


.071 

.{in 


,  049 
,015 


,081 
.019 


.067 
.014 


.107 


.  059 
.007 


079 
01!^ 


,098 


,063 
,008 


.108 


.009 


.098 


045 
009 


,049 
.011 


.058 
.01 


.  039 
.007 


.074 
.009 


.057 
.008 


.058 
.008 


.  063 
.011 


.066 
,01 


,055 
,01 


103 


.064 
.009 


.059 
.01 


.089 


,  058  .  m^i  .  06 

,009  .012  .011 


061  .069  .065 

,014  .014  .013 


,061 
,01 


.063 
.012 


,062 
Oil 


.068 
.008 


,062 
.008 


.076 
.01 


.069 
.009 


Table  2.— Percentage  of  reduction  in  lead  residues,  September  9  to  October  15. 

Supplementary  Treatment 

Ammonium 


None 

Lime 

Nitrate 

Vatsol 

Average  Stayman 
Average  York 
Average  total 
Increase  over  check 

43.5 
29.6 
36.9 

42.6 
32.6 

37.8 
.9 

41.7 
43.9 
42.7 

5.8 

46.3 

36.7 

41.7 

4.8 

()il-s])rayed  Stayman 
Increase  over  check 

U.6 

• 

23.6 
9 

30.3 
15.7 

Table  3. — Percentage  of  lead  residue  removed  by  washing,  one-minute  exposure 
to  1.5  per  cent  HCl. 


Average  Stayman 
Average  York 
Average  total 
Increase  over  (^heck 

Oil-sprayed  Stayman 
Increase  over  check 


S 

rPPLEMENTARY 

Treatment 
Ammonium 

None 

Lime 

Nitrate 

1 ^atsol 

80.3 

85.5 

82.5 

84.1 

79.7 

84.8 

81.8 

80.7 

80 

85.1 

82.2 

82.5 

5.1 

2.2 

2.5 

86.8 

88.2 
1.4 

87.1 
.3 

,>44 


152 
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unit  of  weight  while  the  fruit  remains  on  the  trees  accelerated  by  the 
supplementary  treatment?  Second,  does  the  use  of  such  a  supplementary 
spray  treatment  facilitate  cleaning  after  harvest?  Table  2,  which  has 
been  calculated  from  the  figures  in  table  1,  reveals  the  extent  to  which 
the  lead  residues  present  on  September  9  had  disappeared  by  October  15 
due  to  the  growth  of  the  fruit,  to  weathering  and  to  the  supplementary 
spray  treatments  of  September  15.  Because  under  the  conditions  of  the 
experiment  the  first  two  of  these  factors  exerted  a  uniform  effect,  differ- 
ences may  be  attributed  to  the  residue-removing  sprays. 

None  of  the  materials  used  appeared  to  increase  the  loss  of  lead  to  any 
significant  extent  except  from  the  Stayman  Winesap  sprayed  with  lead 
arsenate  plus  mineral-oil  emulsion.  On  this  fruit  Vatsol  showed  consider- 
able benefit  in  a  single  test,  though  under  the  conditions  of  the  experi- 
ment the  residues  remaining  at  harvest  were  far  above  the  legal  tolerance. 
During  the  period  from  September  9  to  October  15  precipitation  totaled 
1.66  inches,  or  about  half  the  normal  rainfall  for  this  period.  Earlier 
application  of  the  supplementary  sprays,  and  a  subsequent  heavy  drench- 
ing with  clear  water,  particularly  if  the  weather  remained  dry,  might 
increase  the  residue-removing  effect  of  these  materials. 

Table  3  has  been  calculated  in  a  manner  similar  to  table  2,  and  shows 
the  extent  to  which  the  uniform  post -harvest  acid  wash  removed  the 
residues  remaining  at  harvest  in  the  various  treatments. 

With  the  possible  exception  of  lime,  the  figures  in  table  3  indicate  that 
the  supplementary  sprays  exerted  little  beneficial  effect  on  the  removal 
of  the  residue  by  hydrochloric  acid  in  a  flotation  washer. 

Several  generalizations  are  possible  from  tables  2  and  3.  It  was  neces- 
sary to  wash  all  of  the  fruit  with  hydrochloric  acid  to  reduce  the  residue 
below  the  legal  tolerance.  The  effect  of  this  acid  wash  was  to  reduce  the 
residues  on  all  treatments  to  nearly  the  same  level;  hence,  in  the  end 
little  practical  benefit  may  be  ascribed  to  any  of  the  supplementary 
treatments  under  the  conditions  of  this  test.  The  figures  presented  in 
table  2  indicate  that  under  certain  conditions  some  of  the  supplementary 
treatments  assisted  the  natural  processes  of  growth  and  weathering  in 
reducing  the  residues  on  the  fruit  at  harvest;  with  the  materials  and 
methods  used  this  benefit  was  slight.  However,  since  in  many  Pennsyl- 
vania orchards  residues  at  harvest  usually  exceed  the  legal  tolerance  by 
comparatively  slight  margins,  it  is  felt  that  continuation  of  these  studies 
is  justified. 


The  Illinois  Natural  History  Survey  and  the  Illinois  Agricultural  Experiment 
Station,  llrbana,  have  entered  into  a  cooperative  agreement  with  the  federal  Bureau  of 
Entomology  and  Plant  Quarantine  for  studies  of  the  corn  ear  worm.  R.  A.  Blanchard  of 
the  Bureau  has  established  headquarters  at  I'rhana  and  A.  F.  Satterthwait  will  join  him 
soon.  The  objective  of  the  studies  is  development  of  l)etter  and  more  practical  measures  for 
control  of  corn  ear  worm. 

E.  O.  EssiG,  University  of  California,  Berkeley,  will  be  on  sabbatical  leave  from  July  1, 
1936,  to  June  80,  1937.  From  July  1  to  September  1,  1936,  and  from  March  1  to  June  1, 


1937,  his  address  will  be  Cambridge  University,  Cambridge,  England.  During  the  period 
from  Septeml)er  1,  1936,  to  March  1,  1937,  his  address  will  be  the  National  ^: 


Congo,  Tervueren,  Belgium. 
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The  Vitamin  D  Requirements  of 
Growing  Chicks  and  Laying  Hens' ' 

R.  R.  Murphy,  J.  E.  Hunter,  and  H.  C  Knandel 

WITHIN  the  past  few  years,  poultry  management  practices  have  changed 
to  such  an  extent,  that  chicks  are  now  hatched  at  any  season  of  the 
year.  Late  fall  and  early  spring  hatching  has  made  it  necessary  to 
confine  the  chicks  for  most  of  the  rearing  period.  When  the  range  is  very 
limited  or  the  soil  contaminated  it  is  desirable  to  keep  the  fowls  confined 
throughout  the  growing  and  laying  periods.  In  order  that  chicks  may  be 
reared  successfully  at  any  season  of  the  year  one  of  the  essential  requirements 
is  a  sufficient  amount  of  vitamin  D.  For  satisfactory  results  with  confined  lay- 
ing hens  it  is  necessary  to  supply  ample  amounts  of  vitamin  D. 

Most  of  the  investigations  dealing  with  the  vitamin  D  requirements  of  poultry 
have  related  only  to  the  growing  period.  The  work  here  reported,  which 
covered  a  period  of  four  years,  is  a  study  of  the  vitamin  D  requirements  of 
growing  chicks,  laying  fowls,  breeding  hens,  and  the  effect  of  various  levels  of 
vitamin  D  fed  to  the  mother  hen  on  the  resultant  offspring. 

The  investigation  consisted  of  two  series  of  experiments.     The  former  was 
conducted  during  the  years   1932  and   1933  and  the  latter  during  the  years 
1934  and  1935.     Complete  results  of  the  1932-33  study  were  published  by  the 
Pennsylvania  Agricultural  Experiment  Station  in  Bulletin  303,  "The  Vitamin  D 
Requirements  of  Growing  Chicks  and  Laying  Hens."     In  the  present  publica- 
tion these  results  have  been  combined  with  those  of  the  1934-35  experiment 
The  product  used  was  a  cod  Hver  oil  vitamin  D  concentrate  in  cod  liver  oiF 
manufactured  by  the  donor  of  this  fellowship.     This  product  is  hereinafter 
referred  to  as  cod  liver  oil  concentrate.     It  was  assayed  with  both  chicks  and 
rats  to  determine  its  vitamin  D  potency.     Three  independent  laboratories  co- 
operated in  testing  this  oil.    By  the  rat  assay  method  (U.S.P.X  Revised  1934) 
the  cod  liver  oil  concentrate  used  in  these  experiments  was  found  to  contam 
310   USP    units   of   vitamin   D   per   gram.      In   Bulletin    303,   Pennsylvama 
Agricultural  Experiment  Station,  the  potency  of  the  concentrate  used  was  given 
as  100  Steenbock  units  or  270  U.S.P.  units  of  vitamin  D  per  gram.     At  the 
time  that  work  was  done  the  Steenbock  method  of  assay  was  used  for  determin- 
ing the  potency  of  cod  liver  oil  and  a  conversion  factor  of  2.7  used  for  ex- 
pressing the  unita^e  in  U.S.P.  units.     Since  some  of  the  results  reported  in 
ES  303  are  L  included  in  this  publication  f^V^^^^l^^^^^^^^^ 
using  the  potency  of  the  cod  liver  oil   concentrate  as   310  U.S.P.   units  ot 

vitamin  D  per  gram. 

Experimental  Procedure,   1932-33   Experiment 
Ten  groups  each  consisting  of  200  Single  Comb  White  Leghorn  chicks  of 
the  PennsXnia  State  CoUele  strain  were  hatched  and  placed  on  experimen 
i^^ril  iri9?2      Each  chick  was  individually  weighed  and  wing-banded  at 

I  tIT^ovT  waf  ^ado'  possfblJ*  tSmigh    the   establishment   of    a    fellowship   by    the   National 

''"^nt'id'JrvKin'^^^  Z-^^^  P^^^^^«'   ^"'*^'  "'''"   "''^'  """'" 

1,678,454. 


4  Pennsylvania  Agricultural  Experiment  Station      

hatching  time.     These  chicks  were  subjected  to  the   following  experimental 

conditions.  ,  ,.  ^_  _ 

Per  cent  cod  liver         U.b.f.   units 

1  Battery  brooder-confined  None  ^0 

?  ii             -             "  1/16  19 

\  1/8  39 

\  3/16  58 

\  '  1/4  78 

$  ..             ..             ••  3/8  116 

^  1/2  155 

9                  Colony  brooder  house-  ^ 

limited    range  ^^""*=^ 

10                  Colony  brooder  house-  -^ 

limited  range  l/«                               '"^ 

rrnuns  1  to  8  were  brooded  in  batteries,  each  deck  of  which  was  heated 

o,„.ps ,  La  .0  -e  -,'.0^^  tTir„i'„rb  «r  Svi  ti- .a".s 

S  mIgSf  £  »S.d  to^dlrl.  sunllgh..     All  g.oups  (1  .«  .0  mcto.a) 

were  fed  the  following  all-mash  rations: 

Growing  and 
Starting  mash  *     laying  mash  f 

-^  "  Pounds  Pounds 

43.5  45.5 

Ground    yellow    corn    ^q  q  iq.O 

Wheat  bran    •  •  • ^q  0  100 

Standard  Wheat  middhngs    ^^  5  0 

Alfalfa   meal    •  •  • ^q  0  "7.5 

Meat  scraps   (55%   protem)    ^^^  7.5 

Dried   skim    milk    ^q  0  10.0 

Ground  heavy  oats    -    -  -  -- : I'o  4.0 

Ground  limestone  (98%  CaCOn)    ^  ^  0.5 

Salt    1  

^  ^  ,  100.0  100.0 

Total    

18.40  16-40 

Per  cent  protem    I  47  2.79 

Per  cent  calcium   0.92  0.80 

Per   cent   phosphorus . — 

♦  Fed  from  one-day  old  to  12  weeks, 
t  Fed   from  12  to  70  weeks   of   agre 

When  four  weeks  old.  -kerels  from  all^groups  w-^  r^^^^^^^^^ 
of  age.  65  representative  pullets  ^ «"".  ^^^^  of  the  10  g  o  P      ^^^  ,^  ,„a 

to  the  laying  pens.    Body  ^^'g^t   health    condt.onphy  ^^^  ^.^^  ^^. 

state  of  maturity  were  ^°"^"l^^tiJuted  for  Ve  start  ng  mash.    The  10  groups 

STis^'eLToiTdtr^^^^^^^^^^^^^^ 
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FiG    1  —Experimental  Pullets,  16  Weeks  Old,  Which  Received  Inadequate  Amounts  of 

Vitamin  D 


Fig.   2.— Experimental   Pullets, 


16   Weeks  Old.   Which   Received   Adequate   Amounts   of 
Vitamin  D 
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range. 

Results  During  Period  of  Growth,   1932-33  Experiment 

hatching  and  ^^ Ji'-^y^  "  jS^al  weights  were  taken  every  four  weeks 

*r/'r'"F?2,"  .  ^Ja  il  „"  .«  th.  mafcd  dS„»„s  Listing  \  .6 
iawJ^r;SleL  "li'ing  i„adequa«  a™„..,  of  v,.a™„  D  and  those 

receiving  adequate  quantities  of  the  vitamin. 

b^Srin"  rvl  s^^thH  St  fn^^^^  at  four  weL  intervals  thereafter^ 
When  thVpullets  were  moved  to  laying  quarters  the  feed  consumption  decreased 
IS'y  f?om the  12th  to  the  l4tS  wUs.  Several  f^V^^.^l^^ ;^^^^lil^,'':, 
hirds  to  become  accustomed  to  the  new  environment.  With  the  /'^ceptwn  or 
r  rnfm  2  allTrouPS  consumed  approximately  the  same  amount  of  feed.  Group 
Group  2,  ^1\S'°"5' ^T'"^.  -flthe  l6th  week  because  of  the  extreme  rachitic 
IZS^TTS^^  mS:^^^  g-p  exhibited  a  severe  diarrheal 
condition. 

Vitamin  D  Intake— The  cod  liver  oil  concentrate  used  throughout  this  ex- 
pedment  wa^  found  to  contain  310  U.S.P.  units  of  vitamin  D  Per  gram.    The 
Sencv  of  the  concentrate  was  determined  by  the  rat  assay  using  a  U.S.P.  refer 
ence  c^d    iver  oil      In  Table  14  of  the  appendix  is  given  the  average  number 
SuSP.  units  of  vitamin  D  consumed  per  pullet  during  the  entire  experiment. 

Bone  Ash  Determinations-One  of  the  objectives  of  ^^is  experiment  was  to 
studv  thfeflect  of  varying  amounts  of  vitamin  D  on  bone  development  in  the 
S     Fof  measuring^ht  degree  of  calcification  occurring  in  the  bones  of 
chicks    three  common  methods  were  used:    bone  ash  determinations    b  ood 
alcium    determinations    and    bone    photographs    of    ^^e    -terjor    structu  e^ 
It  is  a  well  established  fact  that  the  amount  of  ash  contained  in  the  bones  ot  a 
rlrhiHr  chick  is  considerably  less  than  that  in  the  bones  of  a  normal  chick. 
Furthrmt     the  amount  of'calcium  present  in  the  blood  serum  of  a  -ch'^ 
chick  Ts  less  than  that  present  in  the  blood  of  a  norma    chick.    Bone  photo- 
g    phs  takTn  during  the^arly  period  of  growth  gave  a  reliable  -d'catu,n  -  Jo 
the  decree  of  calcification  occurring  in  the  bones  of  chicks.     Results  ot  tne 
bone  afh  determinations,  blood  calcium  determinations  and  bone  photographs 
are  eiven  in  Table  1  and  Figures  3  and  4.  ...  „f  f„„r 

The  percentage  of  bone  ash  at  8,  16,  and  24  weeks  is  the  average  of  fou. 
tibiae  tLen  from  the  right  leg  of  four  chicks  from  each  group  and  ashed 


C  Ci-dj 

Op  6  ^' 

0C--  c 


c  a,S 

^0^    e 


k4  -  '^^ 


c  s 


OS--  O 


C  CuZ 

2^--  2 

ON-rO 

I— I  I'  .-I 


ri   3       ^ 

2'>2 


r-l  ,^  4-> 

c 

2  o  c 
2  u  o 

Zo 


4-1    U 

Os-r  o 


>  2 

C   1^ 


8« 


cC/5   c   2 

«^  *-  o 


gc/D  c  2 

vo-2o 


oc/).£  2 

.w  o 
CO--  o 


-o 


bfi 


w 


< 

H 

< 


H 

u. 
w 

u 

DC 
H 

O 

M 
DlS 

D 
H 
U 
D 
ee: 
H 

C/5 

< 

w 
H 
Z 


6 


8 


Pennsylvania 


Agricultural  Experiment  Station 


Bulletin  334 — Vitamin  D  for  Chicks  and  Hens 


separately.  Four  chicks  weighing  within  a  few  grams  of  the  average  weight 
for  the  group  were  used.  The  bones  were  preserved  in  alcohol.  All  adhering 
muscle  and  connective  tissues  were  removed  but  the  proximal  and  distal  car- 
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TABLE  1.     SUMMARY    OF    RESULTS    WITH    GROWING   CHICKS 
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1932-3a 


EXPERIMENT 


Group    nuinbtT 

U.S. P.    units 
vitamin    D   per 
i;j<>  grams   feed 


(» 


10 


i> 


10 


i<j 


.'^.9 


58 


10 


(Range)    (Range ) 


Weeks 

8 
10 
•J4 


0   to   8 
0    to     Ki 
0    to    24 


(»    to    8 
0    to    Iti 
D    to    24 


8 
1(> 
24 


Average  bo<iy  weiglit  of  pullets  in  pounds 


0.66 


0.98 
1.92 
2.57 


1.19 
2.49 
3.35 


1.23 
2.50 
3.40 


1.19 
2.59 
3.37 


1.22 

2    no 
..JO 

3.38 


1.16 
2.46 
3.42 


Pounds  of  feed  consumed  per  pullet  to  date 


2.58 
6.26 


3.08 

7.95 

15.01 


3.63 
10.10 
19.46 


3.70 
10.35 
19.67 


3.55 
10.35 


3.61 
10.18 


19.65     '  19.64 


3.49 

9.90 
10.28 


1.18 
2.33 
3.32 


3.56 
10.03 
20.03 


1.18 
2.61 
3.54 


3.76 
10.95 
19.97 


\  ■  I 

intake  of  U.S. P.  units  ol  vitamm  D  from  ration  per  pullet  to  date 


0 
0 


39.2 
47.1 


136 
351 
661 


44.6 
50.9 
49.2 


320 

889 
1.712 


S49 

1,819 
3,457 


936 
2,739 
5,183 


1,841 


1,267 
3,576 
6  90?      10,171 


Average  per  etuL  ash  of  tibiae 


51.1 
51. VI 
56.5 


51.1 
52.9 
£6.4 


51.2 
52.5 
54.5 


52.1 
55.0 
57.0 


52.2 
53.6 
55.9 


2,497 

7,089 

14,119 


51.7 
52.6 
54.8 


16 
24 


Milligrams 

4.8 
5.6 


of   caleium   per  ICO  cubic  centimeters   of  blood  serum 


7.5 

8.6 

10.4 


9.4 

9.5 

11.6 


11.4 
1U.3 
11.8 


10.3 
10.6 
11.9 


11.5 
11.5 
11.8 


10.5 
12.2 
12.0 


10.3 
11.4 
11.9 


0 
0 

(I 


52.5 
54.7 

541.8 


10.9 
11.1 
11.6 


1.24 
2.01 
3.62 


3.97 
11.30 
21.48 


I     1,984 

'<     3. 771 


.",2.. I 
54.9 
54.7 


10.4 
12.3 
11.9 


*  Group  1  was  discontinu€d  at  16  weeks. 

tilaginous  caps  were  not  removed.  The  bones  ^^^^^  ^/^^ -f ;■ '^ X '  p,S  fn 
lO^^degrees^:  for  24  hours.    All  bones  --  sf    lo^^^^^^^^^^^^  ^0 

asbestos  cones  and  extracted  with  hot  95  per  cent  ^  ^°f°'  ^  ^jfifether.  After 
hours  in  a  Soxhlet  apparatus,  followed  by  %*''"'  ^^^'^^Tjled  in  an  electric 
extraction,  the  bones  were  dried  to  .™"^t^"' ^^'f '  ^"V„^^^^^^^^  in  a 

muffle  furnace  to  a  white  ash.    Crucibles  contam.ng  the  bones  we^epla 
cold  furnace  and  the  temperature  gradually  mcreased  until  ashmg  was        p 

Blood  Serum  Calcium  Determ',rfions-S..nrac^a^^^^ 
composite  sample  of  blood  taken  ^^o^.^he  four  ch.ck3  of  each  g^^^^^  ^^ 

bone  ash  determinations.    By  means  ^^  heart  puncture  toucu^.c 

was  used  for  determining  the  serum  calcium  of  the  samples. 

Bone  Photograph  S>uJ>es-M  8    l6  and  .^^  week-f^a^^^^^^^^ 
of  the  internal  structure  of  the  left  tibiae  of  those  chicks  usea 
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determinations     The  split  proximal  end  of  each  left  tibia  was  photographed  to 

it^TelSnal^  At  eight  weeks  of  age  the  ^o-  b^^^^^^^^ 

1   (no  vitamin  D)  were  diagnosed  as  bemg  definitely  ^^f  ^^^  ,,^^^^^^ 

/^  o  /in  TT^sP   units  of  vitamin  D  per  100  grams  of  feed)  was  racftitic, 

A.  .6  «eis  U,.  bone  photograph,  showed  .11  bor,«  of  Group  1  (no  v«=™,o 

r,\  t«  Kp  Hpfinitelv  rachitic     Two  of  the  bones  in  Group  2  (10  U.b.f  units  or 
S  aiSn  D  per  S  g  ams  of  feed)  were  diagnosed  as  rachitic  and  two  indi- 

cS  a  sHeht  deviation  from  normal.    All  of  the  bones  of  Group  3  (19  U.S.P. 
cated  a  siigm  aeviaciuu  j  ^^         ^^^  ^^^  ,t 

"men  "the  pullets  were  24  weeks  of  age  all  ^o-s  which  were  ~^^^^^^ 

^r^r  roVgrar:/  jX'^^^^^^^^^^-'  7 

fho^^ed  sSg'htTvbtions  Lm  normal,  and  the  fourth  bone  was  normal  accord- 
ing  to  internal  structure  studies. 

ofSmoHS  i  ShrslZp'd'Sg  .he  ,1  Jek,  the  pullets  we.c  oo  expe,,. 

ment  was  caused  by  rickets. 

Summary  of  Results  with  Growing  Chicks.  1932-33  Experiment 
It  is  evident  from  the  manner  in  which  Group  1    (no  vitamin  D)    reacted 

S«f  ™    Ss'^i'S:    2  (.1  yip  unit,  or  v,«„„  D  pe.^  S 
^pe^'Tili^r  jrS/'dirr?e^S.';Si>.<".:i?aVL  .he  „o™. 

^ra7:h:ia0j.Hi.^.^..i.eo.i..^ 

units  of  vitamin  D  per  100  grams  ^  '^^^^       ,  ..^^^^^^.^  of  the  bones  at  8 

'X'STaS.  -- ™  vSl'  E."'ife.iae*«a  .,  g,ow.h,*ho„e  »h. 

blood  calcium  and  general  appearance. 


At  no  time  during  the  growing  period  were  external  symptoms  of  rickets 
apparent  in  any  of  the  groups  except  Groups  1  and  2.  From  hatching  time 
to  24  weeks  of  age  the  results  indicate  that  39  U.S.P.  units  of  vitamin  D  per 
100  grams  of  feed  when  added  to  an  all  mash  ration  is  the  effective  level  under 
the  most  adverse  conditions.  When  equal  parts  of  grain  and  mash  are  fed,  the 
latter  should  contain  78  U.S.P.  units  of  vitamin  D  per  100  grams.  In  the  first 
24  weeks,  each  pullet  when  fed  39  U.S.P.  units  of  vitamin  D  per  100  grams  of 
feed  consumed  approximately  3,500  U.S.P.  units  of  vitamin  D. 

The  addition  of  39  U.S.P.  units  of  vitamin  D  per  100  grams  of  feed  to  the 
ration  of  Group  10  which  had  access  to  sunlight  did  not  seem  to  have  any 
appreciable  effect  on  the  degree  of  bone  calcification  or  on  the  growth  of  the 
pullets  during  the  rearing  period  of  24  weeks.  The  pullets  of  Group  9  which 
were  entirely  dependent  upon  direct  sunlight  as  a  source  of  vitamin  D  produced 
rcsivlts  which  were  as  satisfactory  as  those  of  Group  10  which  received  addi- 
tional vitamin  D  in  the  ration.  It  should  be  emphasized  that  both  groups  of 
pullets  had  access  to  sunlight,  when  available,  throughout  the  growing  period; 
a  practice  which  is  not  ordinarily  followed  under  farm  conditions. 

Experimental  Procedure,    1934-35   Experiment 

For  the  1934-35  experiment,  1,575  Single  Comb  White  Leghorn  chicks  of 
the  Pennsylvania  State  College  strain,  hatched  November  22  1933  were  used 
Nine  eroups  each  containing  175  selected  chicks  were  weighed  wing  barided 
and  placed  in  individual  brooding  pens.  The  chicks  were  confined  in  12  by 
20-foot  pens  in  a  long  continuous  type  of  brooder  house.  The  pens  were  simi- 
lar^/  constructed  and  equipped.  In  order  to  exclude  direct  sunlight  the  windows 
of  each  pen  were  covered  with  a  soap  compound.  .  , 

Each  eroup  of  chicks  was  fed  the  same  basal  all-mash  rations  as  were  used 
in  the  1932  33  experiment.  To  the  ration  of  each  group  were  added  the 
following  amounts  of  cod  liver  oil  concentrate. 


Group 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 


Per  cent  cod  liver 
oil  concentrate 
in  total  ration 


U.S.P.  units 
vitamin  D  per 
100  grams  feed 


0 

1/16 

1/8 

3/16 

1/4 

Vl6 

3/8 

1/2 

1 


0 

19 

39 

58 

78 

97 

116 

155 

310 
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entering  the  pens  in  which  the  pullets  were  confined. 

,.         .  r  *.u^   10C19  ^:^    results    methods  were   describea  Dy 

f 93I35  ex^er.n?ent.     Detailed  data  are  given  in  the  append.x. 

Summary  of  Results  with  Growing  Chicks,  1934-35  Experiment 
Durine  the  growing  period  the  physical  development,  feathering  and  pig- 
J^Z  trf  sat.s4t^ry  .n  all  f^^^  ^^^  /^nlTchSs 
^^SZyt^Z'^t^t  cMCs  !.  the  group  at  e.ght 
weeks  of  age  were  severely  rachitic  (Fig.  5). 


F.O.     ,.-EX.B«.MH.T^.    PU.LETS.    8    ^^EK.    O.O.^  WH.CH     RECH.VHO    IN.OBQU.TE    AMOUNTS 

At  eight  weeks  studies  were  made  of  the  internal  structure  of  the  left  tibiae 

f  flfr  rhirk,  from  each  group.     Two  bones  from  Group  1   (no  vitamin  D) 

Ire  diagriSd  irblg  defini?^     rachitic,  one  showed  slight  rachitic  lesions. 

and  one  bone  was  normal. 

Growth  was  not  satisfactory  and  bone  ash  and  ^/ood  calcium  value    w^^^^^ 
below  normal  in  Group  1  at  eight  weeks  of  age   (Table  2).     These  resul 
arem  agreement  with  the  observations  made  from  the  bone  photographs^     I 
is  evideft  from  the  way  in  which  Group  1    (no  vitamin  D)    reacted  that  the 
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TABLE  2.     SUMMARY  OF  RESULTS  WITH  GROWING  CHICKS 

1934-35    EXPERIMENT 
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Group    number 

U.S. P.     units 
vitamin    D   per 
ICO   grams    feed 


1 

, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

•       19 

39 

58 

78 

97 

IIG 

155 

1 

:]10 

i 

Weeks 

8 
16 
24 


Average  body  weight  of  pullets  in  pounds 


0.65 

* 


1.14 
2.62 
3.40 


1.22 
2.76 
3.53 


1.23 
2.76 
3.59 


1.19 
2.63 
3.42 


1.25 
2.65 
3.5,S 


Pounds  of  feed  consumed  per  pullet  to  date 


0 

0 
0 


to 
to 
to 


8 

16 

24 


2.74 
* 


3.9C 
n.94 
24. 2C 


3.91 
12.67 
25.5^ 


4.02 
12.88 
26.04 


3.84 
12.27 
24.73 


3.92 
12.49 
25.86 


1.25 
2.73 
3.65 


3.88 
12.58 
25.74 


1.26 

2.69 
3.60 


4.20 
'  13.00 
t     26.42 


Intake  of  U.S. P.  units  of  vitamin  D  from  ration  per  pullet  to  date 


0   to   8 
0   to    16 
0   to   24 


0 


342 
1,048 
2,125 


687 
2,227 
4,495 


1,057 
3,390 
6,860 


1,347 
4,307 

8,686 


1,720 

5,487 

11,363 


Average  per  cent  ash  of  tibiae  t 


8 
16 
24 


8 
16 


45.2 


52.3 
55.2 


53.7 
57.3 


53.6 
57.4 


53.9 
56.8 


55.0 
57.5 


2,041 

6,620 

13,556 


55.3 
58.1 


2,954 

9,136 

18,570 


.')3.9 

56.7 


1.26 
2.65 
3.65 


.'?.9r) 
12.74 
25.75 


5,550 
17,89S 
36.189 


.-)3.0 
56.1 


Milligrams   of  calcium   pei   ICC  cubic  centimeters  of  blood   serum  t 


8.2 


10.2 
10.0 
24.6 


11.2 
11.3 
25.1 


11.5 
12.1 
25.1 


11.9 
12.1 
27.2 


11.9 
12.0 
26.7 


11.6 
11.8 
26.9 


11.8 
10.9 
80.0 


11.3 
11.4 
27.0 


♦Group  1  was  discontinued  at  8  weeks. 

1  ^r,c,r  d^".^^ifa.rnra°^i",%oZ^^e;;' liUXn,  puUe.s  in  production, 

basal  rations  used  during  the  period  of  growth  were  definitely  rachitogenic^ 
There  did  not  seem  to  be  any  particular  objective  to  be  gained  by  continuing 
this  group.    Consequently  it  was  discarded  from  the  experiment  at  the  end  of 

'*"  FroS'^hrbone  photographs  taken  at  eight  weeks  one  bone  from  Group  2 
(19  U.S.P.  units  of  vitamin  D  per  100  grams  of  feed)  showed  a  sUgh 
deviation  from  normal  and  three  bones  were  diagnosed  as  normal  A"  bones 
in  the  remaining  groups  were  normal.  Bone  ash  P^^-^^JJ^^ff  _f  J/^filJiv 
weeks  and  blood  calcium  values  at  8,  16  and  24  weeks  (T^^k  2  are  slight^ 
lower  for  Group  2  than  for  the  remaining  groups  supplied  larger  amounts 
of  vitamin  D.  ^Many  of  the  pullets  of  Group  2  at  24  weeks  o^ge  had 
developed  deformed  breast  bones.  These  results  are  "^/S^f"^."'*  ^''^I/^qo 
ol  the  1932-33  experiment.  Nineteen  U.S.P.  units  of  vitamin  D  per  100 
grams  of  feed  did  S  appear  to  be  sufficient  to  completely  protect  confined 

^t"evS;Vi;lLth,  bone  ash.  blood  cf  cium/nter^^-^^^^^^  of  bone 
general  appearance  (Fig.  6),  and  mortality  only  ^''gl?^  j^f  ^^^"''^^!^;;;,tr^ta 
in  the  pullets  of  the  seven  remaining  groups  suppl^^d  larger  ^/"o^"*^  "*  ^^^ 
min  D^from  cod  liver  oil  -nc-trate.     Rebuts  ob^.ne^  ^  -J 

the  1934-35  experiments  indicate  that  39  U.S.f.  unit;,  ui  „^r.nnmir!il 

grams  of  feed  when  added  to  an  all-mash  ration  is  the  effective  and  economical 
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level  for  chicks  from  hatching  time  to  -^Xltf^^c'rrZTs^lZZn 
ditions.    When  equal  parts  of  grain  and  mash  are  fed,  the  masn  snou 
78  U.S.P.  units  of  vitamin  D  P"  100  grams_  j      ^^en 

During  the  first  24  weeks  of  the   1934-35  expenment,   e        p       ^^^^^^ 
suDDlied   39  U.S.P.   units   of  vitamin  D   per   100   grams   oi  /^<= 
suppiicu   .y  vitamin  D  as  compared  to  3,500  u.s.f 

^^-^:^:l^:^:  ::!^:'' m:>  i^^^'^  h-  e^penme. 


F.O.  6.-EXP..M.SX..  PU...TS.  B  WenKS^Oun,  W„,c„   R.CB.v.n  Ane.u.TB  Amounts  o. 

were  brooded  for  12  weeks  ,n  batteries  while  those  of  the  last  experiment  were 
confined  to  the  floor  throughout  the  growing  period. 

Results  During  Laying  Period,  1932-33  Experiment 

When  the  Dullets  were  24  weeks  of  age,  the  number  in  each  group  was 
Wtien  tne  puiieis  wcic  Atfh^n^ime  onlv  49  pu  lets  remained 

reduced  to  50  representative  individuals.  At  that  time,  oniy  iy  ^-u 
reaucea  lo  ju     t-  vitamin  D  per   100  grams  of  feed).      Ihe 

in  Group  2    (10  V.b.f.  units  oi  ^1"""''         I'        _„ppU,\    also  served  as  the 
mash  used  during  the  growing  period   (12  %24  weeks)    alo  serve 
laving  mash.     No  calcium  supplements  were  fed  to  any  of  the  groups, 
insoluble  erit  was  constantly  available  in  hoppers.  ,         c  u 

Zh  consumption  was  recorded  in  4-week  intervals.  Jhe  number  of  pounds 
of  tash  consum'ed  per  pullet  was  calculated  oyJ^^^MJ^s.^^^  ^d  to 
as  the  average  feed  consumption  per  pullet.  Three  ^ocKereis  were  a 
each  group  during  the  breeding  season,  which  extended  from  'he  ^^th  through 
"e ^Oth'leek.  The  feed  consumption  and  the  average  number  o  US.R 
units  of  vTtamin  D  consumed  per  pullet  during  ^»*,4--^/ .P^^'^'^of.i'j^ 
by^g  year  are  given  in  Tables  12  and  14  of  the  appendix.    Beginning  October 


1,   1932,   morning  lights  were  used  in  the  laying  pens  and  the  birds  were 
provided  a  12-hour  day. 

Body  Weight  of  Pullets — The  pullets  of  each  group  were  individually 
weighed  every  four  weeks.  From  the  28th  to  the  end  of  the  36th  week,  no 
group  showed  any  appreciable  increase  in  body  weight  (Table  10) .  A  rather 
marked  decrease  in  Qgg  production  occurred  during  the  period  from  32  to  36 
weeks.  At  36  weeks,  artificial  illumination  was  increased  to  provide  the  pullets 
with  a  13-hour  day.  In  addition,  a  portion  of  the  dry  mash  that  the  birds 
ordinarily  received  was  moistened  with  water  to  a  crumbly  consistency  and  fed 
daily  at  noon.  It  is  obvious  from  the  weight  of  the  birds  at  40  weeks  that 
these  two  changes  in  management  had  the  desired  effect.  Maximum  body 
weight  of  the  pullets  was  reached  in  all  groups  at  40  weeks  of  age. 

Egg  Production — All  pullets  were  trapnested  throughout  the  laying  year. 
Calculations  determining  the  per  cent  tgg  production  and  number  of  eggs  laid 
per  pullet  were  made  on  a  hen-day  basis.  A  rather  marked  decrease  in  tgg 
production  occurred  between  the  32d  and  40th  weeks  (Table  16).  After 
the  length  of  day  had  been  increased  and  moist  mash  fed,  tgg  production 
increased  rapidly.  From  Table  3,  it  appears  that  tgg  production  increased  as 
the  amount  of  vitamin  D  from  cod  liver  oil  concentrate  was  increased  in  an 
otherwise  adequate  laying  ration.  Results  indicate  that  78  U.S.P.  units  of 
vitamin  D  per  100  grams  of  feed  as  fed  to  Group  6  was  optimum  for  Qgg 
production.  When  the  optimum  level  was  reached  further  additions  of  vitamin 
D  did  not  significantly  increase  tgg  production. 

TABLE  3.     SUMMARY  OF  RKSULTS  WITH  LAYING  PULLETS* 

19ii2-33    EXPERIMENT 


Group  number 

2 

S 

4 

5 

6 

7 

8 

9 

10 

U.S.P.    units 
vitamin    I)    per 
100   grams    feed 

10 

1 

10 

.•]9 

5S 

78 

116 

155 

1 

0 
(Range) 

39 
(Rang*') 

Body  weight   In 
pounds   per   pullets 

.1.02 

.3.56 

i 
1 

3.54 

3.64 

1 

3.69 

3.72 

3..-,6 

i 

3.75 

3.78 

Per  cent  egg 
production    

7.fi% 

10.6% 

39.9% 

1 

38.6% 

47.4% 

48.8% 

44.7% 

44.0% 

45.4% 

Number  of   eggs 
per    pullet    

28 

61 

145 

141 

1 

173 

178 

163 

ICO 

165 

Weight   of  eggs 
in    grams  t    

51.0 

50.9 

51.7 

.^2.7 

:    52.3 

52.7 

52.3 

53.1 

.-)2.9 

Per  cent   shell 

of   egg   

6.7% 
52.1% 

7.0% 
52.4% 

8.7% 
53.0% 

S.9% 
53.3% 

1      8.8% 

1 

i    53.2% 

;      9.0% 

1 

53.2% 

1 

9.2% 
53.2% 

9.1% 
53.2% 

9.0% 

Per   cent    ash 

in  egg   shell   

53.1% 

Milligrams   calcium 
per  100    cc  serum  _ 

18.7 

21.4 

24.3 

24.7 

25.5 

26.0 

;    25.2 

2C.6 

25.5 

Per  cent  hatch  of 
fertile   eggs    

5G.4% 

i     44.5% 

1 

74.0% 

84.5% 

84.9% 

88.1% 

;    87.8% 

91.0% 

4 1</^      orxm' 

83.3% 
inliY   jinr 

•  The  data  given  Mere  taken  from   t;«^1os  10, 
are  averages   for  52  wi^ks  of  ogg  production, 
f  A  2-ounce  egg  weighs  56.7  grams, 
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^'tuels^iZZtL     ftSv^^rsLt  adequate  amounts  of  vitamin  D 
m  Table  18  of  the  ^PP"''*'^;    "  ^^^^  ^hese  studies  indicate  that  when  suffi- 

ash  found  in  the  egg  sneus  arc  fci><=  various  groups  were 

the  per  cent  of  ash  contamed  in  the  egg  shells  from  the  various  g      ^ 

:reS  sh^irlSrrhl'jariou.  s,o.ps  fo,  ashing  pu^^^^^ 

levels  of  vitamin  D. 

.      ,   o  ^  /  •     ,     TV.^   rP<;iilK  of   1 2   calciuiTi   determinations   of  the 

srofs;™:r  Au"  r '-  r-L^t^  r ...» «. 

b  prSucH./    fL,  cubic  ce„.i™.e,s  o(  blood  w„.   ■«™™^^^    <>^^.„«"* 
pollet  b,  means  o(  .  hypodermic  sy™R«  '"«'«J  w  ,hl  a«  ^  Co  "p  modi- 

kr  jfhe  s:me".™:irre.hoi  ^'¥™r;;^^i~4  *; 

blood  serum  was  low. 

«„„.«„-D.,i„e  .he  1....,  part  0' *if,»P^"S'  ;f %Sn  V^rS 
™:r  ST  t"e  ™  n''o  ^isiiSc.^.  d';«e:e"n:i  in  mo„aU,y  amLg  .he 
other  groups. 

H^/f>^^^/7;/v-Hatchabilitv  data  were  secured   from  the  pens   fed  various 

amolts  of  vitai^n  D.     Five  settings  of  eggs  from  each  of  the  nme  group 

oTpits  were  incubated.   The  hatching  period  extended  f^*?"^  ^arA    0    m3 

or  puiicib  cockerels  were  paced  with  each  group  ot  pullets 

L  e"  we  S  J?io    toTh'nimrhrching  egg?  were  saved.    The  cockerds  were 

iSed  fJomV  to  pen  twice  weekly  '^--S  *e  ^^-^'"§Sn„  eggs'  JS 
for  incubation  purposes  were  individually  pedigreed.     ^?^ff 'Tf  ;8f         , 
saved  for  one  week  previous  to  setting,  and  so  far  as  possible,  three  eggs  and 


Bulletin  334 — Vitamin  D  for  Chicks  and  Hens 


17 


never  more  than  five  were  set  from  each  pullet.  For  each  hatch,  100  eggs 
from  each  group  of  pullets  were  incubated,  with  the  exception  of  Groups  2 
and  3  each  of  which  produced  less  than  this  number  of  eggs  during  the  period. 
Eggs  l^i<i  nearest  to  the  time  of  setting  were  selected  for  incubation  purposes. 
The  results  of  the  five  hatches  are  given  in  Table  26.  Fertility  was  satis- 
factory, averaging  80  per  cent  or  higher,  in  all  groups  except  Group  8.  For 
some  unknown  reason,  fertility  in  this  group  was  consistently  low  in  each  of 
the  five  hatches  (67  per  cent).  As  evidenced  by  the  hatching  results,  there 
was  a  relationship  between  the  amount  of  vitamin  D  supplied  to  breeders  in 
the  form  of  cod  liver  oil  concentrate  and  the  per  cent  hatch  of  fertile  eggs 
(Table  3). 

Transmission  of  Vitamin  D  to  the  Offspring — To  determine  the  effect  on 
the  chick  when  varying  levels  of  vitamin  D  were  fed  to  the  mother  hen,  all 
normal  chicks  from  hatches  2,  3,  and  5  (Table  26)  were  brooded  for  a  period 
of  eight  weeks.  Chicks  from  hatches  1  and  4  were  not  brooded,  but  were 
used  only  for  hatchability  studies.  The  chicks  from  hatches  2,  3  and  5  were 
weighed  by  groups  at  hatching  time  and  bi-weekly  thereafter  for  a  period  of 

eight  weeks. 

A  basal  ration  of  the  same  composition  as  that  fed  to  the  parent  stock  during 
their  brooding  period  was  fed  to  the  progeny.  All  groups  of  hatch  2  received, 
in  addition  to  the  basal  ration,  19  U.S.P.  units  of  vitamin  D  per  100  grams 
of  feed.  This  amount  had  been  found  in  the  work  of  the  previous  year  to  be 
the  minimum  protective  level.  The  source  of  vitamin  D  supplied  to  the 
progeny  was  from  the  same  lot  of  cod  liver  oil  concentrate  fed  to  the  parent 
stock.  No  cod  liver  oil  concentrate  was  fed  to  any  of  the  groups  of  hatch  3. 
The  chicks  of  hatch  5  were  fed  the  same  number  of  U.  S.  P.  units  of  vitamin 
D  per  100  grams  of  total  ration  as  were  the  parent  stock  from  which  they 
were  hatched  (see  page  4).  All  groups  of  chicks  from  hatches  2  and  3  and 
Groups  3  to  8  inclusive  of  hatch  5  were  brooded  in  battery  brooders  and 
deprived  of  direct  sunlight.  In  hatch  5,  the  chicks  from  Groups  9  and  10 
were  brooded  in  colony  houses  with  access  to  range. 

Data  were  obtained  on  growth,  feed  consumption,  mortality,  blood  calcium, 
and  bone  ash  of  1,551  progeny.  There  was  no  apparent  evidence  that  the 
vieor  of  the  chicks  was  influenced  by  the  vitamin  D  intake  of  the  parent 
stock  The  results  indicated  that  in  order  to  determine  the  degree  to  which 
vitamin  D  is  transmitted  from  the  parent  to  the  offspring  more  sensitive 
methods  of  measurement  are  needed. 

Summary  of  Results  with  Laying  Pullets,   1932-33  Experiment 

Ep^  production  was  not  satisfactory  in  Groups  2,  3,  4,  and  5  which  were 
fed  10  19,  39,  and  58  U.S.P.  units  of  vitamin  D  per  100  grams  of  feed 
respectively.  When  all  factors  of  measurement  were  considered,  Groups  2  and 
3  were  materially  inferior  to  any  of  the  other  groups.  In  maintenance  of 
body  weight,  egg  production,  ,gg  weight,  per  cent  egg  shell,  and  calcium 
cont^ent  of  blood  nS  apparent  significant  differences  existed  between  Groups  6 
and  7  which  were  fed  78  and  116  U.S.P.  umts  of  vitamin  D  per  100  grams 
of  feed  respectively.  Egg  production  and  body  weight  were  not  so  satisfactory 
m  Group  8  (1 55^.^?.  units  of  vitamin  D  per  100  grams  of  eed)  as 
hey  were  in  Groups  6  and  7.     Groups  9  and  10,  in  which  the  pullets  had 
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access  to  range  at  all  times  exhibited  only  small  differences  but  the  ^gg  produc- 
tion was  less  satisfactory  than  in  confined  Groups  6  and  7. 

The  evidence  indicates  that  when  laymg  pullets  are  denied  access  to  direct 
sunlight,  78  U.S.P.  units  of  vitamin  D  per  100  grams  of  total  ration  is  the  most 
effective  level.  In  this  experiment,  the  above  number  of  U.S.P.  units  of  vita- 
min D  were  supplied  by  feeding  one-fourth  per  cent  of  a  cod  liver  oil  concen- 
Zl  containing  310  U  S.P.  units  of  vitamin  D  per  gram.  This  amount  will 
supply  sufficient  vitamin  D  to  fulfill  adequately  the  requirements  of  laying 
VU&  maintained  under  the  most  adverse  conditions.  When  laying  pullets, 
fubiected  to  environmental  conditions  similar  to  those  employed  in  this  study, 
are  fed  equal  parts  of  mash  and  grain,  100  grams  of  the  mash  should  contain 
155  U.S.P.  units  of  vitamin  D. 

Results  During  Laying  Period,  1934-35  Experiment 
On  March  14,  1934  fifty-five  representative  l6-week-old  pullets  from  each 
of  the  eieht  groups  were  selected  and  placed  in  the  laying  pens.    These  pullets 
were  housed  in  the  same  house  and  placed  under  a  similar  system  of  management 
Ts  were  the  pullets  of  the  1932-33  experiment.     Since  the  laying  pens  were 
considerably  darker  than  the  brooding  pens,  it  was  necessary  to  artificially  illum- 
inate the  laying  quarters  for  a  period  of  six  weeks  to  avoid  a  decrease  in  the 
rSo    growth^  The  pullets  wefe  provided  with  a  13-hour  day  which  was  later 
ncreased  to  14  hours      At  the  end  of  the  24th  week  the  number  of  pullets    n 
ea^hToup  was  reduced  to  50.    The  mash  fed  during  the  growing  period  (12  to 
24  weeks)  also  served  as  the  laying  mash.  ^ 

The  pullets  of  all  groups  when  approximately  26  weeks  of  age  (May  26 
1934)  became  infested  with  a  virulent  strain  of  coccidia  The  disease  firs 
appeared  in  Groups  5,  6,  and  7  and  -^diately  spread  to  the  other  g^  A 

the  time  the  disease  appeared  all  groups  except  Group  2  (19  U.S.P  units  ot 
Stam^  D  peflOO  grams  of  feed)^  and  Group  3  (39  U.S.P.  units  of  vitamin 
D  pTlOO^gram  of  feed)   were  in  excellent  condition  and  in  satisfactory  egg 

production  'The  egg  production  of  Group  4  (58  V'^  V"  n  O^^loTs  ^ 
per  100  grams  of  feed)  was  approximately  40  per  cent.  In  Group  9  (310  U.S^R 

Snits  of 'vitamin  D  per  100  grams  of  feed)   egg  F^^^f  ^,V"'%  1^5  /j  S  P 
than  60  per  cent.   While  in  Groups  5,  6,  7,  and  8  (78,  97,  116  and  155  U.S.P. 
uni^of  4amin  D  per  100  grams  of  feed  respectively)   the  average  egg  pro- 
duction  was  approximately  50  per  cent   (Table  17).  ^ 

Previous  to  this  outbreak  there  had  been  no  evidence  at  any  time  of  coccidiosis 
in  any  of  the  groups.  In  order  to  avoid  heavy  losses  all  pullets  in  the  en  ire 
experiment  were  fed  a  limited  amount  of  moist  mash  and  condensed  butter^ 
milk  The  mash  used  as  moist  mash  consisted  of  five  per  cent  meat  scrap  added 
Sequa  parts  of  yellow  corn  meal,  ground  heavy  oats,  and  wheat  middlings 
plusThe  Amount  of  cod  liver  oil  concentrate  supplied  to  the  various  groups^ 
Thfs  treatment  was  of  considerable  benefit  in  checking  the  amount  of  blood 
appearing  in  the  droppings. 

On  June  7,  1934,  because  of  the  appearance  of  some  bloody  ^/^PPL^f  ^  ^f 

per  cent  milk  flush  treatment  was  given  to  all  birds  for  a  period  o^jAho^^^^^ 

After  this  treatment,  no  blood  was  observed  in  the  droppings.     Immediately 

following  the  milk  flush  treatment,  the  pullets  were  given  the  experimental 

laying  mSh.    This  mash  was  fed  for  the  remainder  of  the  laying  year. 


For  approximately  four  months  after  the  outbreak  of  coccidiosis  occurred, 
body  weight,  feed  consumption,  and  egg  production  decreased.  During  the 
same  period,  the  pullets  of  all  groups  molted.  The  groups  on  the  high  levels 
of  the  cod  liver  oil  concentrate  did  not  go  through  as  severe  or  as  complete 
a  molt  as  did  those  on  the  lower  levels.  Groups  7,  8,  and  9  (116,  155  and  310 
U.S.P.  units  of  vitamin  D  per  100  grams  of  feed  respectively)  did  not  fall 
below  40  per  cent  production  during  the  period  of  molt  (Table  17). 

Throughout  the  fall  and  winter  months,  it  was  necessary  to  feed  a  moist  mash 
to  each  group  of  pullets  twice  a  day.  The  moist  mash  was  made  by  using  a 
measured  amount  of  experimental  dry  mash  with  diluted  condensed  butter- 
milk. The  condensed  buttermilk  was  fed  at  the  rate  of  eight  ounces  per  pen 
per  day.  Twelve  ounces  of  finely  cut  fresh  green  feed  was  added  to  the  moist 
mash  of  each  group  and  fed  daily.  After  the  48th  week,  when  fresh  green 
feed  was  no  longer  available,  cabbage  at  the  rate  of  one  pound  per  pen  per 
day  was  fed.  The  amounts  of  all  supplementary  feeds  given  to  the  pullets  such 
as  condensed  buttermilk,  green  feed  and  cabbage  were  converted  to  a  dry  weight 
and  added  to  the  amount  of  laying  mash  consumed  during  each  4-week 
period.  Table  13  gives  the  total  feed  consumption  for  each  4-week  period 
during  the  laying  year. 

Immediately  following  the  infestation  of  coccidia  mortality  was  rather  ex- 
cessive, particularly  in  the  groups  on  the  lower  levels  of  vitamin  D.  The  total 
per  cent  mortality  for  the  entire  year  of  52  weeks  ranged  from  20  per  cent  in 
Group  9  (310  U.S.P.  units  of  vitamin  D  per  100  grams  of  feed)  to  60  per 
cent  in  Group  3  (39  U.S.P.  units  of  vitamin  D  per  100  grams  of  feed).  As 
the  levels  of  cod  liver  oil  concentrate  increased  even  above  the  optimum  level 
as  determined  in  the  1932-33  experiment,  the  rate  of  mortality  from  coccidial 
infestation  appeared  to  decrease. 

On  December  19,  1934  three  male  birds  were  placed  in  each  of  the  eight 
pens.  Similar  to  the  practice  followed  in  the  1932-33  experiment  the  male 
birds  were  rotated  from  pen  to  pen  twice  each  week  preceding  and  during  the 
hatching  season.  The  hatching  period  extended  from  March  6,  1935  to  May 
9,  1935.  During  this  period,  three  hatches  were  made  from  each  of  the  eight 
groups  of  pullets.  Hatching  eggs  were  individually  pedigreed  and  were  saved 
for  a  period  of  ten  days  previous  to  setting.  In  the  groups  of  pullets  which 
laid  more  than  100  eggs  during  the  10-day  period  the  number  of  eggs  set  was 
limited  to  100.  As  far  as  possible,  equal  numbers  of  eggs  from  each  pullet 
were  selected  for  each  hatch.  In  the  groups  producing  less  than  100  eggs,  the 
total  production  of  the  pen  was  used  for  incubation  purposes.  Table  27  gives 
the  results  obtained  from  the  three  hatches.  Fertility  was  satisfactory  but  not 
as  hi^h  as  it  was  in  the  1932-33  experiment.  The  fertility  for  the  three  hatches 
averaged  70  per  cent  or  higher  in  all  groups  while  in  the  previous  experiment 
fertility  averaged  80  per  cent  or  better  in  all  groups  except  one. 

Similar  methods  to  those  of  the  1932-33  experiment  for  collecting  data  on 
body  weight,  feed  consumption,  vitamin  D  intake,  egg  production,  sjze  of  egg 
quality  of  e22  shell  and  blood  serum  calcium  were  followed  in  the  1934-35 
experiment.     These  results  are  given  in  Tables  11,  13,  15,  17,  19,  21,  23,  and 

25  of  the  appendix. 

The  1934-35  experiment  extended  over  a  period  of  72  weeks  which  was 
four  weeks  less  than  the  duration  of  the  1932-33  experiment.  At  72  weeks 
of  a^e  the  pullets  had  completed  one  year  (52  weeks)  of  egg  production. 
The  pullets  of  the  1934-35  experiment  were  hatched  in  the  fall  and  came 
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into  production  approximately  four  weeks  earlier  than  did  the  spring-hatched 
pullets   of  the   1932-33   experiment. 

Transmission  of  Vitamin  D  to  the  Offspring — Studies  on  eggs  produced  by 
Groups  2  to  10  inclusive  of  the  1932-33  experiment  and  Groups  2  to  9  inclusive 
of  the  1934-35  experiment  showed  that  a  marked  relationship  exists  between 
the  vitamin  D  potency  of  the  tgg  yolk  and  the  vitamin  D  intake  of  the  hen 
producing  it.^  Because  of  the  existence  of  this  relationship,  is  seemed  reason- 
able to  expect  a  transfer  of  the  vitamin  from  the  hen  to  the  chick  which 
could  be  measured  by  the  degree  of  bone  calcification. 

Since  slight  but  no  conclusive  evidence  had  been  secured  in  the  1932-33 
experiment  to  indicate  a  transmission  of  vitamin  D,  the  work  was  repeated 
in  the  1934-35  experiment  using  a  different  experimental  procedure. 

The  three  hatches  of  chicks  from  each  of  the  eight  groups  of  pullets  were 
brooded  for  a  period  of  five  weeks.  All  chicks  were  marked  for  identification 
and  were  brooded  together  in  battery  brooders  without  access  to  sunlight.  The 
chicks  were  fed  the  experimental  chick  starter  which  was  proven  to  be  defi- 
cient in  vitamin  D  in  the  1932-33  and  the  1934-35  experiments.  Every  seven 
days  during  the  brooding  period  representative  individuals  were  killed  and  the 
per  cent  bone  ash  determined  on  the  right  tibia.  Bone  photographs  were  made 
from  each  left  tibia. 

From  the  bone  photographs  and  bone  ash  determinations  of  a  total  of  346 
sets  of  bones  evidence  was  secured  to  indicate  that  vitamin  D  was  transmitted  in 
a  quantitative  way  from  the  hen  to  the  chick.  The  vitamin  D  reserve  of  the 
chick  was  dependent  upon  the  vitamin  D  intake  of  the  parent  stock  and  this 
evidence  was  secured  when  the  chicks  were  from  one  to  four  weeks  old.  This 
explains  why  somewhat  negative  results  were  secured  in  the  1932-33  experi- 
ment. ^ 

Effect  of  Vitamin  D  on  Breast  Bone  Conformation — At  the  close  of  the 
1934-35  experiment  the  pullets  in  all  groups  were  examined  and  the  condition 
of  the  breast  bones  noted.  The  breast  bone  of  each  pullet  was  classified  ac- 
cording to  four  arbitrary  degrees  of  deformity,  namely:  very  deformed,  de- 
formed, slightly  deformed  and  straight.  Table  4  gives  for  each  of  the  groups 
of  pullets  the  percentages  of  the  various  degrees  of  deformity  found  in  the 
breast  bones.  The  condition  of  the  breast  bone  of  a  representative  pullet 
from  each  group  is  shown  in  Figure  7.  There  was  a  very  definite  relationship 
between  the  amount  of  vitamin  D  intake  and  the  degree  to  which  the  breast 
bones  of  pullets  were  deformed. 

Summary  of  Results  with  Laying  Pullets,   1934-35  Experiment 

Considering  body  weight,  weight  of  eggs,  quality  of  Ggg  shell,  blood  serum 
calcium,  and  hatchability  the  results  from  the  1934-35  experiment  confirm 
those  of  the  1932-33  experiment.  Tables  3  and  5.  The  outbreak  of  coccidiosis 
which  occurred  shortly  after  the  pullets  had  reached  a  satisfactory  level  of 

4  Pennsylvania   Agricultural  Experiment  Station   technical   pap^r  Number  G86,    "The   Relation- 
ship of  the  Vitamin  D  Intake  of  the  Hen  to  the  Antirachitic  Potency  of  the  Eggs  Produced. 
The  Journal  of  Nutrition  Vol    10,   No.   2,   pages  167  to  178. 

s  For  detailed  results  obtained  in  both  experiments  on  the  transmission  of  vitamin  D  from 
the  parent  stock  to  the  offspring,  see  Pennsylvania  Agricultural  Experiment  Station  -PaP^^ 
Number  700  "The  Effect  of  Vitamin  D  Intake  of  the  Hen  on  the  Bone  Calcification  of  the 
Chick."     Poultry  Science,   Vol.   15  No.   4  Pages  284  to  289. 


TABLE  4.     CONFORMATION  OF  BREAST  BONE  OF  PULLETS  AT  72  WEEKS  OF  AGK 

19:54-35   EXPERIMENT 

Group  number 

2 

3 

1 
4 

5 

6 

7        \ 

8 

9 

U.S. P.    units 
vitamin   D  per 
100   grams    feed 

19 

39 

t 

58 

78 

97 

lit 

i             ! 

155 

310 

Per  cent 

1 
deformity 

1 

Verv     deformed     __    

70.8 

20.8 

8.3 

0.0 

55.0 
20.  U 
20.0 
5.0    1 

Per  cent 

35.7 
£0.0 

7.1 

7.1 

ash  in 

10.7 
38.3 
33.  :5 
16.7 

tibia 

10.0 
33.3 
30.0 
26.7 

1 

5.7 
20.0 
42.9 
31.4 

0.0 
20.0 
41.2 

38.2 

0.0 

Deformed         

Slightly     deformed     

Straight        - 

7.5 

30.0 
62.5 

Average    of    3    pullets    

fil.O 

59  4 

1                ' 

62.0 

CO.  7 

62.9 

62.0 

62.0 

62.9 

19 
FIG.  7. 


GROUP  NUMBFR 
3  4  5  6  7  8  9 

US?    UNITS  VITAMIN  D  PER   100  GRAMS  FEED 
39  *    *58  78  97  116  15^  310 

CONFORMATION  OF  BREAST  BONE  OF  PULLETS  AT  72  WEEKS  OF  AGE 

1934-35   EXPERIMENT 


ece  production  very  seriously  affected  the  subsequent  egg  production  in  all 
groups  except  8  and  9  fed  155  and  310  U  S.P.  ""'t^  of  v.tam.n  D  per  100 
grams  of  feed  respectively.  This  amount  of  vitamm  D  is  much  higher  than 
fhe  optimum  level  for  laying  hens  as  shown  in  the  1932-33  experiment.  It  is 
possible  that  the  coccidial   infestation   interfered   with  the  efficiency  of   the 

utilization  of  the  nutrients  in  the  ration.  ,  w,o  o„^  :^o  II  SP   units 

The  performance  of  the  pullets  in  Groups  2  and  3  (19  and  39  U.^-P-  ""''^ 
of  vitamin  D  per  100  grams  of  feed)  was  markedly  '"fenor  to  that  of  the 
puUeiThlghSr  levels  of  vitamin  D.  Egg  size,  per  cent  egg  shell  and  Wo^d 
serum  calcium  (Table  5)  were  not  so  satisfactory  in  Group  4  (58  U.S^P_  units 
of  vto  D  per  100  grams  of  feed)  as  in  the  five  remaining  groups  fed  higher 
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levels  of  cod  liver  oil  concentrate.  Except  for  egg  production  no  apparent 
significant  differences  existed  among  Groups  5,  6,  7,  8,  and  9  (78,  )1 ,  116, 
155    and  310  U.S.P.  units  of  vitamin  D  per  100  grams  of  feed). 

Results  from  both  the  1932-33  and  1934-35  experiments  indicate  that  the 
reauirement  of  laying  pullets  denied  access  to  sunlight  is  double  that  ot 
irrmTchk^^  or^8^U.  S.  P.  units  of  vitamin  D  per  100  grams  o  total 
ration  There  did  not  seem  to  be  any  particular  benefits  to  be  derived  from 
supplying  more  than  this  amount  of  vitamin  D  to  laying  pullets  and  breeding 

T\BLF5      SUMMARY    OF    RESULTS    WITH    LAYINCr    PULLETS* 
lABi.r.  0.     ^u  1934-35    EXPERIMENT 


Group  number 

U.S.P.    units 
vitamin   D  per 
lOO  grams   feed 


Body    weight    in   pounds 
per    pullet    


Per    cent    egff 
production 


Number    of    eggs 

per    pullet    I    ^' 


Weight    of    eggs 
in     grams  t     


Ob 


P<'r   cent   shell 
of    egg    


Per   cent    ash 
in    egg    shell 


Milligrams    calcium 
per   100   cc   serum   . 

Per  cent  hatch 

of    fertile   eggs    


43.1 

0.1% 

51.7% 

21.2 

11.1% 

7.3%         8.1% 
52.0%        53.0% 


3.58 

3.01 

S5.3% 

37.0% 

120 

135 

4D.8 

50.7 

8.5% 

^."•^flo 

53.2% 

53.4% 

24.5 

20.2 

77.7% 

79.0% 

74.2% 


*oL-«T,   frmii   Tables   11     17     19.   ''I,    23,   25   and  27  of  the  appendix  and 
*  The  data  given  were  taken  from    laoitb   n,   i<,    i^^.   -  »    -"^ 

are   averages  for  52  weeks  of  egg  production. 

t  A  2-ounce  egg  weighs  50.7   grams. 

hens  However  ei^g  production  and  mortality  data  of  the  1934-35  experiment 
seem  to  indicate  that  the  feeding  of  higher  levels  of  cod  liver  oil  concentrate 
to  pullets  is  of  considerable  value  in  overcoming  some  of  the  detrimental 
effects  brought  about  by  a  severe  infestation  of  coccidia.  More  detailed  results 
on  this  phase  of  the  work  will  be  published  elsewhere. 

Seventy-eieht  U.  S.  P.  units  of  vitamin  D  per  100  grams  of  total  ration  will 
adequately  meet  the  requirements  of  confined  laying  pullets  for  vitamin  D 
under  normal  conditions.  When  laying  pullets  are  fed  equal  parts  of  mash 
and  scratch  grain,  100  grams  of  the  mash  should  contain  155  U.  5^.  F.  units 
of  vitamin  D. 

Range  Groups,   1934-35  Experiment 

On  some  farms  growing  chicks  and  laying  hens  have  access  to  range  and 
sunlight  throughout  the  entire  year.  Information  concerning  the  need  ot 
chickl  and  more  particularly  laying  hens  for  vitamin  D  in  addition  to  hat 
supplied  by  exposure  to  direct  sunlight  is  limited.     For  additional  information 


two  of  the  groups  of  pullets  in  the  1932-33  experiment  had  access  to  direct 
sunlight  throughout  the  growing  and  laying  periods.  One  group  of  pullets 
was  fed  a  vitamin  D  deficient  ration.  The  second  group  received  39  U.  S.  P. 
units  of  vitamin  D  per  100  grams  of  feed.  As  stated  previously  no  apparent 
significant  differences  could  be  detected  between  the  two  groups  of  pullets.  In 
the  1934-35  studies  it  seemed  desirable  to  repeat  the  work  following  the  same 
general  procedure  as  in  the  previous  experiment. 

Experimental  Procedure  During   Growing  Period 

Four  groups,  each  containing  175  selected  Single  Comb  White  Leghorn 
chicks  were  used  in  this  experiment.  The  chicks  were  hatched  on  April  25, 
1934  and  were  immediately  wing  banded  and  weighed.  Four  colony  brooder 
houses  of  similar  construction  were  used  for  brooding  purposes.  The  chicks 
were  fed  an  all-mash  ration  of  the  same  composition  as  fed  in  the  previous 
experiments  To  the  mash  was  added  the  following  percentages  of  the  cod 
liver  oil  concentrate  containing  310  U.  S.  P.  units  of  vitamin  D  per  gram. 


Group 
number 


Per  cent  cod  liver 
oil  concentrate 
in  total  ration 


U.S.P.  units 
vitamin  D  per 
100  grams  feed 


10 
11 
12 
13 


None 
1/16 
1/8 
1/4 


0 
19 
39 

78 


whenherwerTthree  and  one-half  weeks  old.     This  treatment  was  repeated 
when  they  were  mrcc  <i  external  symptoms  of  coccidiosis 

sumption  records.  .  c^  .  .^r^^Vc  nf  noe 

tL  cockerels  were  -'^o.^ajjoa.^^^^^^^ ^  - -d.s  of  ag. 

l^-::^'^^^^^  at  S.di  the  laying  mash  was  fed 
from  The  12th  week  to  the  conclusion  of  the  experiment. 
'Xfive  representative  pullets  from  each  of  ^^^J^J^:^  ^ 
the  lading  pens  when  16  weeks  of  age.  ,  ^^^ J"!  ^'^^  "'"They  were  housed 
same  bas^  as  had  been  followed  '"  PfV^fhatched^confined  groups  of  the 
in  pens  adjoining  those  contammg  the  a  "ha  ch  d^-  ^^^  ^g^^  P^^^ 
1934-35  experiment.     In  the  front  and  rear  ^^  ^^^^  ^^^ 

ranges  of  approximately  one-fourth  ac  e-    TJe  ranges  ^^^  ^^^  ^^^^ 

used  alternately.    The  management  of  the  tour  gropF  ^^^  ^^^^^^ 

as  that  of  the  pullets  havmg  access  to  range  and  sum  g 
experiment. 
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Summary  of  Results  with  Growing  Chicks 

Table  6  gives  a  summary  of  the  results  obtained  during  a  growing  period 
of  24  weeks  from  pullets  maintained  under  range  conditions.  In  obtaining 
these  data  the  same  method  of  procedure  as  used  in  the  work  with  the  con- 
fined groups  was  followed.  At  no  time  during  the  24-week  growing  period 
were  external  symptoms  of  rickets  observed  in  any  of  the  groups.  The  physical 
development,  rate  and  condition  of  feathering  and  pigmentation  of  all  pullets 
on  experiment  were  very  satisfactory. 


TAHLF  (i     SUMMARY    OF    RKSULTS    WITH    GROWING    CHICKS 
RANGE   GROUPS,    1934-85   EXPERIMENT 


(tFoup    numbor 

U.S. P.    units 
vitamin  D  per 
100    grams    feed 


10 


0 


11 


19 


12 


39 


13 


78 


Weeks 


Average  body  weight  of  pullets  in  pounds 


8 
16 
24 


0  to  P 
0  to  16 
0  to  24 


0  to  S 
0  to  16 
0  to   24 


8 
16 
24 


8 
16 
24 


1.20 
2.78 
3.52 


1.22 
2.83 
3.59 


1.24 
2.82 
3.59 


Poimds  of  feed  consumed  per  pullet  to  <late 


4.12 
12.0:^ 
21.42 


Intake  of  U.S.P  units   of  vitamin 


4.24  4.11 

13  19  12.irt 

I              23.28  i              21.61 

T)   from  ration   T»er   pullet   to  date 


0 
0 
0 


.'573 
1,160 
2,047 


Average  per  cent  ash  of  tibiae 


52.7 
57.5 


52.4 
58.6 


721 
2,1.32 
3,794 


52..') 
57.1 


1.20 
2. 76 
3.53 


3.94 

12. IS 
21.77 


1  ,;;s2 

4,277 
7,649 


.^1.7 
56.8 


Milligrams 


of  calcium   per  lOO  cubic  centimeter   of   blood    s-rum  t 


11.6 
12.3 
2»,.l 


11.8 
11.9 
26.1 


11.5 
11.9 
25.6 


ii.«; 

12.1 
27.4 


;  Slir  ^^^^.Z^s  r.f  tS"^^rf  nf„V7r^o1„  p.,n,..s  ,„  produCon. 

No  marked  differences  appeared  at  any  time  '^f^S'l^^,^'''^!\^"f. 
between  the  body  weight  of  pullets  in  Groups  11,  2  arid  13  fed  19,  39  and 
78  US  P  uniL  of  vitamin  D  per  100  grams  of  feed  respectively  and  the 
body  weigh  of  pullets  in  Group  10  which  were  entirely  dependent  upon  direct 
sunLht  fs  a  soSrce  of  vitamin  D.  At  8,  16,  and  24  weeks  the  per  cent  ash 
nlhe  ib  a  and  the  milligrams  of  calcium  in  the  blood  serum  of  pullets  in 
Sroup  10  compared  favorably  with  those  of  the  other  groups  receiving  the 
additional  vitamin  D  from  the  cod  liver  oil  concentrate  (Table  6). 

When  pullets  are  reared  under  conditions  similar  to  those  employed  in  this 
study  it  appears  that  they  can  secure  enough  vitamin  D  by  irradiation  from 
dS  sunlight  for  normal  growth  and  bone  calcification.  However,  it  should 
be  emphasifed  that  the  pullets  of  this  experiment  had  access  to  direct  sunlight, 
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whenever  available,  from  the  time  they  were  ten  days  of  age  to  the  completion 
of  the  growing  period  (24  weeks).  Furthermore,  these  chicks  were  hatched 
in  April  and  developed  during  the  period  of  the  year  in  which  the  greatest 
amount  of  ultra-violet   light  is  obtained   from  the  sun. 

Experimental    Procedure    During    Laying    Period 

At  24  weeks  of  age  the  number  of  pullets  in  each  group  was  reduced  to 
50.  Artificial  morning  illumination  was  started  on  September  13,  1934.  The 
length  of  day  was  the  same  as  given  to  the  confined  pullets.  With  the  excep- 
tion of  the  feeding  of  a  moist  mash  the  management  of  the  groups  on  range 
was  the  same  as  the  groups  in  confinement.  A  moist  mash  was  not  fed  to 
the  range  groups  during  the  laying  year  except  for  a  short  period  toward  the 
end  of  the  experiment.  When  the  supply  of  fresh  green  feed  became  inadequate 
on  range,  cabbage  was  fed  at  the  rate  of  one  pound  per  pen  per  day.  This 
practice  was  continued  until  the  pullets  were  approximately  46  weeks  old. 
The  laying  mash  which  was  fed  throughout  the  laying  period  was  of  the  same 
composition  as  the  growing  mash  fed  from  the  12th  to  the  24th  week.  Three 
male  birds  were  placed  in  each  of  the  pens  on  December  19,  1934  and  were 
rotated  as  were  those  in  the  confined  pens. 

Summary  of  Results  with  Laying  Pullets 

A  summary  of  results  obtained  during  a  52-week  laying  period  is  presented 
in  Table  7.  Detailed  data  are  given  in  the  appendix.  The  same  method  of 
procedure  was  used  in  the  collection  of  these  data  as  was  used  in  the  work  with 
the  confined  groups.  No  differences  in  the  appearance  or  condition  of  the 
pullets  were  observed  during  the  year.  The  addition  of  vitamin  D  from  the 
cod  liver  oil  concentrate  to  an  adequate  ration  fed  to  pullets  having  access  to 
range  throughout  the  laying  year  did  not  produce  any  measurable  differences 
in  maintenance  of  body  weight,  per  cent  egg  production,  per  cent  and  quality 
of  tgg  shell,  blood  serum  calcium,  and  hatchability  of  fertile  eggs. 

TABLE    7-SUMMARY    OF    RESULTS    WITH    LAYING    PULLETS* 

RANGE  GROUPS,    l»34-35  EXPERIMENT 


rjroup    number 

U.S.P.   units  vitamin  D  per  KiO  prams  feed 


10 

0 


11 


12 


78 


Ho<ly  w.'Iplit   in   poimds  per  pnllet  3.94 

I 

Per   cent   egg    production    __ 50.67c 

Number  of  eggs   per  pullet   

Weight    of   eggs    in    grams  t    

Per    cent    shell    of    egg    

Per  cent  ash  In  egg  shell   --- 

.Milligrams  calcium  per  n)0  ec  serum  - 

Per  cent  hatch   of  fertile  eggs   .- 


'o 

184 
55.9 

9.1% 
53.3% 
26.6 
84.1% 


3.9(j 
48.7% 

177 
54.9 

9.1% 
63.. S% 
27.1 
88.0% 


3.1(7 
.52.7% 

192 
54.9 

9.1% 
53.4% 
26.8 
85.8% 


:;.'.!i 

4.-..  2% 

165 
,'>n.2 

9.1% 
53.3% 
27.7 
S3. 87,. 


rt'  Ki«c  oQ    ^n    <?1     T>  and  n3  of  tiie  appen<lix  and  are  nver- 
*Thc  data  given  wrre  taken   from  Tables  28,   30.   si,  ....  anu 

ages  for  52  weeks  of  egg  production. 
t  A  2-ounce  egg  weighs  56.7  grams. 
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With  climatic  conditions  similar  to  those  under  which  this  experiment  was 
conducted  during  the  years  of  1934  and  1935  it  is  possible  for  laying  pullets 
to  secure  sufficient  irradiation  from  direct  sunlight  to  adequately  meet  their 
vitamin  D  requirements  for  satisfactory  egg  production,  maintenance  of  body 
weight,  and  reproduction.  In  order  for  pullets  to  secure  enough  vitamin  D 
through  irradiation  from  direct  sunlight  for  satisfactory  performance  they  should 
not  be  confined  at  any  time  during  the  laying  year. 


10 


11 


12 


13 
78 


Group    number    .... 

U.  S.  P.  units  vitamin 

D  per  100  grams   feed      0  19  39 

Fig.  8. — Condition  of  Breast  Bone  of  Pullets  at  76  Weeks  of  Age 

Range  Groups,   1934-35  Experiment 


TABLE  8-CONDITION  OF   BREAST  BONE   OF   PULLETS  AT  7(5  WEEKS   OF   AGE 

RANGE   GROUPS,    1934-35   EXPERIMENT 


Group    number 

U.S. P.   units  vitamin  D  per 
100   grrams    feed 


10 

• 


n 


12 

39 


13 

78 


Very    deformed    __ 

Deformed       

Slightly    deformed 
Straight       


Per  cent  deformity 

10.3  I 

2.6  I 

30.7  1 

56.4 


a. 7 


5 

5.7 
34.3 
54.3 


Average   of  3   pullets 


l»er  cent   a.sli  in   tibia 

61.2  I  60.2 


9.1 

9.1 

30.3 

51.5 


02. 7 


0.0 
15.8 
44.7 
39.5 


6:^7 
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Effect  of  Vitamin  D  on  Breast  Bone  Conformation — The  four  range  groups 
of  pullets  were  carefully  examined  at  76  weeks  of  age  for  deformed  breast 
bones.  The  breast  bone  of  each  pullet  was  classified  according  to  four  arbitrary 
degrees  of  deformity:  very  deformed,  deformed,  slightly  deformed,  and  straight. 
The  per  cent  of  the  pullets  with  breast  bones  showing  the  various  degrees 
of  deformity  is  given  in  Table  8.  Figure  8  shows  the  condition  of  the  breast 
bone  of  a  representative  pullet  from  each  group.  There  was  no  significant 
difference  in  the  condition  of  the  breast  bones  among  the  four  range  groups 
of  pullets  at  76  weeks  of  age. 

Number  of  U.  S.  P.  Units  of  Vitamin  D  Required  For 

Various    Quantities   of   Feed 

In  an  all-mash  ration  fed  to  growing  chicks  reared  in  total  confinement  39 
U.  S.  P.  units  of  vitamin  D  per  100  grams  of  feed  is  recommended  provided  the 
calcium  and  phosphorus  content  of  the  ration  is  adequate.  Since  there  are 
approximately  454  grams  in  a  pound,  one  pound  of  the  mash  of  an  all-mash 
ration  should  contain  177  U.  S.  P.  units  of  vitamin  D  or  17,700  U.  S.  P.  units 
in  each  100  pounds  of  mash.  When  equal  parts  of  mash  and  scratch  grain  are 
fed,  100  grams  of  mash  should  contain  78  U.  S.  P.  units  of  vitamin  D.  This 
is  equivalent  to  354  U.  S.  P.  units  per  pound  or  35,400  U.  S.  P.  units  per  100 

pounds  of  mash. 

To  meet  the  vitamin  D  requirements  of  laying  pullets  maintained  in  total 
confinement  100  grams  of  an  all-mash  ration  should  contain  78  U.  S.  P.  units 
of  vitamin  D.  One  pound  of  the  mash  should  contain  354  U.  S.  P.  units  and 
100  pounds  35,400  U.  S.  P.  units  of  vitamin  D.  When  confined  laying  pullets 
are  fed  equal  parts  of  mash  and  scratch  grain,  100  grams  of  mash  should  con- 
tain 156  U.  S.  P.  units  of  vitamin  D.  This  is  equivalent  to  708  U.  S.  P.  units 
per  pound  or  70,800  U.  S.  P.  units  per  100  pounds  of  mash. 

T*T.TF   r^OUANTITIES  OF  OILS  OF  VARIOUS   POTKNCIFS   REOUIRKO  TO   SUPPLY 
oWlMUM   AMOUNTS  OF  VITAMIN  D  IN   GROWIXO  AND  LAYING  R^TTOyS 


Vitamin    P    potonev  ' 
of    oil    (U.S. P. 
units   per   gram) 


No.  of  U.S.  P.  2 

units  por 

pound  of  oil 


No.  of  U.S. P.  3         Approximate  Approximate 

units  i         nor  cent  *  pounds  of 

re(iuire«l  in  100             of  oil  to  be  oil  to  be  added  to 

pounds  of  uiasli  added  to  the  mash  one  ton  of  mash 


.50 

:5ia 
400 


When   an    all-mash  ration    is    fed    to    prowin^   ehfeks: 
CO  700  17,700  0.78  or  •% 

S;r)90  17,700  0.46  or  J^ 

Whon  „  «rain  .„.  n,a.,  ration  _(..., ^p^ar.)  .^  U,^...  o..Us  or  a„   alMnash 


15 

10 


.')0 

s.-> 

.",10 
400 


r.o 

8.-) 
310 
400 


22,700  35.400 

— " .S8,590  35,400 

140,740  35,40C 

181  600  35,400 

WhVn"";  Rn-ln'-and  .na.h  'ration  (equal  parts^s  fd  ^to  laying  ^and  brooding  hens: 


1.56  or  1*^ 
0.92  or  1 
0.25  or  14 
0.19  or  Vs 


30 

20 

S 

4 


22,700 

38,590 

140,740 

181 /iOO 


0,800 
70,S,'^0 
70,800 


l.S:^  or  2 

O.no  or  V2 

0.39  or  % 


40 
10 

8 


.  ,n   .™p.e  ,er„„  Tu-S-P.   «n,t  Is   a  measuring   stieU   used   In   expressing   tl.e  potency  o.  a 
vitamin  D  substance  in  terms  of  »J«'*';™''|'' oV'on  is  obtained  by  multiplying  tl.e  number  ot 

;=s'li^  u;^r^/'lf  r-^-.:ir^;  W3..H0LK- tou^y^?  ^X';.u .  re..u,re. 

"These  recommendations  sire  the  results  or  an  exu  n»i 


V^H.;;ppr^^..„.e   per   ^.,^t.'%^'^''^  ^^'^^^  ^^^'^"^'^■^■^^  ^^ 


nicnts  of  chiclcens, 


number   of   U.S. P.    units   required   per 
pound  of  oil. 
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The  potency  of  oils  used  as  sources  of  vitamin  D  for  poultry  feeding  vary 
considerably.  This  variation  in  potency  frequently  causes  confusion  concern- 
ing the  amount  of  an  oil  of  a  particular  potency  to  add  to  the  ration.  Table  9 
shows  the  method  of  computing  the  amount  of  an  oil  of  known  potency 
necessary  to  add  to  the  mash  to  fulfill  the  requirements  of  growing  chicks  and 
laying:  hens  for  vitamin  D.  The  table  is  based  on  results  which  have  been 
gathered  over  a  period  of  four  years  and  which  have  involved  a  total  of  over 
6,000  chicks  and  1,050  laying  hens. 

General  Summary 

1.  Single  Comb  White  Leghorn  chicks,  fed  an  all-mash  ration  deficient  in 
vitamin  D  but  adequate  in  all  other  known  food  essentials,  and  reared  in  bat- 
tery brooders  or  on  the  floor  and  deprived  of  sunshine,  developed  rickets  at 
approximately  three  and  one-half  weeks  of  age. 

2.  For  chicks  deprived  of  sunshine  from  hatching  time  to  24  weeks  of  age, 
the  minimum  protective  level  of  vitamin  D  was  19  U.  S.  P.  units  per  100  grams 

of  feed. 

3  Very  satisfactory  results  in  growth  and  bone  development  were  obtained 
in  both  experiments  when  39  U.  S.  P.  units  of  vitamin  D  per  100  grams  of 
feed  from  cod  liver  oil  concentrate  in  cod  liver  oil  were  supplied  to  Single 
Comb  White  Leghorn  chicks. 

4.  With  climatic  conditions  similar  to  those  under  which  these  studies 
were  conducted  Single  Comb  White  Leghorn  chicks  hatched  during  the  month 
of  April  and  given  access  to  range  during  the  growing  period  may  secure 
sufficient  vitamin  D  by  irradiation  from  direct  sunshine  for  satisfactory  growth 
and  normal  bone  development. 

5.  Single  Comb  White  Leghorn  laying  pullets  confined  without  access  to 
sunshine  gave  unsatisfactory  results  when  fed  an  all-mash  ration  which  con- 
tained 58  U.  S.  P.  units  or  less  of  vitamin  D  per  100  grams  of  feed. 

6.  Single  Comb  White  Leghorn  pullets  confined  without  access  to  sunshine 
and  fed  78  U.  S.  P.  units  of  vitamin  D  per  100  grams  of  feed  from  time 
of  hatch  gave  satisfactory  results  in  the  maintenance  of  body  weight,  egg  pro- 
duction, size  of  egg,  quality  of  egg  shell,  and  hatchability. 

7.  With  climatic  conditions  similar  to  those  under  which  these  studies  were 
conducted  Single  Comb  White  Leghorn  Pullets  given  access  to  range  throughout 
the  entire  laying  period  may  secure  sufficient  vitamin  D  by  irradiation  from 
direct  sunshine  for  satisfactory  performance. 
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APPENDIX 

TABLE   lO^-AVKRAGE    BODY   WEIGHT  OF    PULLETS   IN   POUNDS 
1932-33   EXPERIMENT 


Group    number 
U.S.  P.    units 
vitamin    D    per 
KM)  grams    feed 


9 


10 


0       I      39 
<Range)   (Range) 


Age  in  weeks 

0       

2       

4       

6       

8       

10        

12        

14        

16        _-. 

20        

24        


Growing  period 


O.08 
0.21 
0.37 
0.55 
0.60 
0.72 
0.81 
1.21 
1.34 


0.08 

0.22 

044 

0.71 

0.98 

1.18 

1.32 

1.75 

1.92 

2.20 

2.. 57 


0  08 
0.23 
0.48 
0.80 
1.19 


1. 
1. 
2. 
2, 
2, 


54 
83 
30 
49 
96 
35 


0.08 
0.22 
0.48 
0.84 
1.23 
1.58 
1.84 
2.32 
2.50 
2.94 
3.40 


0.08 
0.21 
0.45 
0.78 
1.19 
1.50 
1.84 
2.33 
2.59 
2.99 
3.37 


0.08 

! 
0.07    ' 

0.07 

1 
0.08    , 

0.2S 

0.21 

0.22 

0.20 

0.48 

0.40 

0.47 

0.45 

0.80 

0.77 

0.79 

0.79 

1.22 

1.16 

1.18 

1.18 

1.62 

1.53 

1.51 

1.63 

1.95 

1.81 

1.85 

2.03 

2.30 

2.22 

2.13 

2.41 

2.33 

2.40 

2.33 

2.61 

2.95 

2.99 

2.92 

3.02 

3.38 

3.42 

3.32 

3.54 

28             -    

2.88 

32 

3  04 

.36 

3.05 

40        _      

3.36 

44 

3.12 

48 

__ 3.08 

.52                       

:     3.16 

56          

2.97 

60                       

1    2.87 

64        

68        

2.76 

2.84 

72              _      

3.08 

76       

3.09 

Average   28  to 
76   weeks    

„J    3.02 

Laying 

period 

3.64 

3.61 

3.77 

3.75 

3.80 

3.64 

3.61 

8.52    1 

3.72 

3.64 

3.78 

3.55 

3.53 

3.47 

3.64 

3.66 

3.71 

3.45 

4.01 

3. 82 

4.03 

3.88 

4.10 

3.90 

3.82 

3.73 

3.81 

3.89 

3.90 

3.81 

3.80 

3.49 

3.63 

3.73 

3.74 

3.62 

3.70 

3.50 

3.66 

3.71 

3.67 

3.64 

3.47 

3.55 

3.61 

3.81 

3.73 

3.60 

3.36 

3.39 

3.55 

3.67 

3.68 

3.49 

3.37 

3.46 

3.49 

3.55 

3.62 

3.45 

3.29 

3.41 

3.42 

3.51 

3.52 

3.39 

3.31 

3.49 

3.44 

3.59 

3.58 

3.41     1 

3.43 

3.50 

3.51 

3.53 

3.50 

3..S9 

3.56 

3  54 

3.64 

3.69 

3.72 

3.56 

3.80 
3.80 
3.82 
4.10 
3.88 
3.80 
3.88 
3.78 
3.61 
3.58 
3.51 
3.55 
3.60 

3.75 


Group  1  was  discontinued  at  16  weeks. 

TABLE    11- AVERAGE    BODY   WEIGHT  OF   PULLETS   IN   POUNDS 

1934-35  EXPERIMENT 


GrouD    number 
U.S. P.    units 
vitamin    D   per 
100   grams    feed 


Growing  period 


Age 

0 

2 

4 

6 

8 

10 

12 

14 

16 

20 

24 


in  weeks 


0.07 
0.17 
(1.43 
0..'5 
0.65 


28  

32  

.S6  

40  

44  

48  

52  

56  

60  

64  

€8  

72  

Average   28 

to  72  weeks 


0.07 
0.17 
0.46 
0.79 
1.14 
1.51 
1.94 
2.17 
2.62 
3.33 
3.40 

3.15 
3.20 
3.23 
3.13 
3.07 
3.48 
3.75 
3.69 
3.50 
3.71 
3.59 
3.. 52 

3.42 


0.07 

0.17 

0.47 

0.S3 

1.22 

1.61 

2.05 

2.31 

2.76 

3.42 

3.53 


0.07 
0.16 
0.45 
0.81 
1.23 
1.64 
2.07 
2.30 
2.76 
3.45 
3.59 


Laying  period 


3.13 
3.34 
3.31 
3.29 
3.31 
3.0O 
3.75 
3.76 
.^.68 
3.71 
3.64 
3.71 

3.52 


3.19 
3.33 
3.38 
3.40 
3.52 
3.74 
3.92 
3.85 
3.76 
3.8<) 
3.87 
:i.Sl 

3.64 


0.07 
0.14 
0.44 
0.80 
1.19 
1.55 
1.97 
2.21 
2.63 
3.26 
3.42 

3.06 
3.30 
3.31 
3.28 
3.36 
3.68 
.•!.85 
3.87 
3.79 
3.80 
3.90 
3.80 

3.58 


0.07 
0.16 
0.44 
0.81 
1.25 
1.64 
2.02 
2.26 
2.65 
3.37 
3.53 

3.21 

3.39 

3.31 

3.39 

3.34 

3.62 

3.83 

3.89 

3.80 

3.78 

3.87 

:^.86 

3.61 


0.O7 
0.17 
0.45 
0.82 


25 
63 
05 
31 
2.73 
3.42 
3.65 


3.30 
3.57 
3.55 
3.70 
3.77 
3.86 
4.06 
4.10 
3.97 
3.99 
4.04 
4.01 

3.83 


0.07 
0.16 
0.43 
0.79 
1.26 
1.60 
1.99 
2.28 
2.69 
3.36 
3.60 

3.15 
3.43 
3.50 


,6:i 

,61 


3.82 


08 
09 
99 
3.93 
3.99 
4.01 


3.77 


0.07 

0.21 

0.47 

0.83 

1.24 

1.62 

1.97 

2.37 

2.61 

3.12 

3.62 

3.78 
3.82 
3.68 
3.94 
3.88 
3.82 
3.87 
3.83 
3.62 
3.64 
3.70 
3.75 
3.77 

3.78 


0.07 
0.14 
0.3S 
0.77 
1.2i 
1.62 
2.C0 
2.30 
2.65 
3.42 
3.65 

3.35 
3.61 
3.58 
3.65 
3.79 
4.06 
4.22 
4.25 
4.11^ 
4.14 
4.15 
4.15 

3.92 


•  Group   1    was   discontinued   at  eight   weeks. 
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T\BLE  12— FEED  CONSUMPTION 

(Average  number  of  pounds  of  mash  jconsumed  por  pullet  from  0  to  7(5  Aveeks) 


1932-33    Experiment 


Group    number 

U.S.  P.    units 
vitamin    D   per 
100   grams   feed 


IC 


19 


39 


58 


0 


78 


116 


155 


9 


0 
(Range) 


10 


39 


(Range") 


Growing  period 


Weeks 

0-2     

2-4     

4-G      

C-8      

8-10      

10-12      

12-14      

14-16      

16-20      

20-24      

Total  number 

pounds  consumed 


Weeks 
24^28 
28-32 
32-36 
36-40 
40-44 
44-48 
48-52 
52-56 
56-60 
60-64 
64-68 
68-72 
72-76 

Total 


0.34 
0.63 
0.76 
O.&j 
0.79 
0.84 
0.53 
1.52 


0.36 
0.72 
0.88 
1.12 
1.29 
1.2:5 
0.74 
1.62 
3.12 
3.94 


0.36 
0.7G 
1.14 
1.37 
168 
i.73 
1.27 
1.79 
4.35 
5.01 


0.36 

0.79 

1.18 

1.37 

1.69 

1.79 

1.26 

1.91 

4.29 

5.03 


0.33 
0.71 
1 
1 


12 
39 
71 

89 
23 

00 
37 


1. 

1, 

1 

2 

4 

4.90 


0.37 
0.73 
1.13 
1.38 

1.82 
1.87 
1.09 
1.79 
4.61 
4.85 


0.36 

0.74 

1.07 

1.32 

1.66 

1.75 

1.07 

1.93 

4.42 

4.96 


0..34 
0.77 
1.09 
1.36 
1.62 
1.88 
0.93 
2.04 
4.91 
5.09 


0.45 

0.73 

1.17 

1.41 

1.78 

2.15 

1.19 

2.07 

4.18 

4.84 


0.48 
0.79 


16 
54 
94 
45 
22 
72 
4.92 
5.26 


15.01        19.46 


1  19.67        19.65 
Laying  period 


19.64        19.28       20.03         19.97         21.48 


number 


4.22 

4.65 

4.39 

4.20 

5.17 

4.92 

5.75 

5.33 

4.63 

3.83 

4.23 

4.47 

4.38 


4.61 
5.11 


59 
82 
93 
8l> 
6.11 
5.79 
5.51 
4.61 
4.56 
4.60 
4.46 


5.49 
5.70 
5.27 
5.65 

6.7;'. 

6.42 
6.66 
6.80 
6.4.3 
5.09 
5.56 
5.29 
5.11 


5.92 
5.96 
5.2:', 
6.59 
7.26 
6.79 
6. 84 
6.81 


7. 

5. 

5. 

4 

5 


27 

87 
71 
80 
34 


87 
12 
98 
65 
08 
6.28 
(/.67 
6.93 
6.70 
5.80 
5.85 
5..-)l 
5.84 


pounds  consumed  I 60.17 


66.50       76.20     i  80.43       81.28 


5.73 

6.08 

5.92 

6.78 

6.99 

6.38 

6.93 

7.04 

6.83 

5.37 

5.42 

5.25 

5.40 


5.67 

5.79 

5.69 

6.94 

7.57 

6.79 

6.80 

7.19 

6.58 

5.56 

5.69 

5.28 

5.04 


5.60 

5.81 

6.01 

6.82 

6.86 

6.78 

6.93 

6.77 

6.0O 

5.14 

5.66 

5.25 

5.34 


5.85 
5.94 
5.65 
6.55 

7.11 

6.21 

6.8;3 

6.54 

6.02 

5.45 

5.91 

5.80 

5.42 


80.12       80.59         78^97___79^_ 


TABLE    13-FEED   CONSUMPTION 
(Average   number   of   pounds   of  mash  consumed   per  pullet   from  0  to    .6  ^^teks) 
^Averrtgt   nun  ^  1934-35   Experiment  


Group    number 
U.S. P.    units 
vitamin    D   per 
100   grams    feed 


WeeVs 

0-2     

2-4     

4-f»     

f/^8     

8-10      

10-12     

12-14      

14-16      

ir^-20     

20-24      

Total  number 
pounds  consumed 


Growing  period 


0.41 
0.65 
0.87 

0.81 

* 


0.43 

0.72 

1.21 

1.54 

1.67 

2.08 

2.10 

2.19 

6.49 

5.77 

24.20 


0.43 

0.73 

1.24 

1..51 

1.86 

2. IS 

2.24 

2.48 

6.80 

6.11 


0.45 

0.74 

1.28 

1.55 

1.87 

2.24 

2.28 

2.47 

6.82 

6  34 


0. 

0. 

1. 

1, 

1 

2 

2 

2 
6 
5 


25.58         26.04         24 
I/aying  period 


43 

70 

22 

,49 

.78 

.13 

.17 

.35 

.50 

.96 

,73 


0.45 

0.70 

1.22 

1.55 

1.85 

2.17 

2.20 

2.35 

6.96 

6.41 


0.42 
0.71 


16 
59 
98 
20 
21 
31 
6.72 
6.44 


1. 

1 

1 

2 

2 

2 


25.86     .    25.74 


Weeks  I 

24-28      1 

28-32      ' 

32-36      

36-40      

40-44      _- 

44-48      

48-52      

52-56      

.'>f)-(K>      

60-64      

64-^      — - 

68-72      

Total  number 

pounds  consumed      H£i^ 


4.43 

4.05 

4.49 

4.47 

4.45 

5.50 

6.04 

5.04 

5.6:^ 

6.07 

6.11 

6.12 


4.66 

4.52 

4.37 

4.45 

4.55 

5.33 

5.76 

5.99 

5.73 

6.64 

6.59 

5.53 


4.87 

4.95 

4.52 

4.83 

5.32 

6.39 

6.72 

6.93 

6.73 

7.19 

7.19 

5.96 


5.13 

5.65 

4.56 

5.28 

5.43 

6.. 37 

7.20 

7.25 

6.73 

7.16 

7.50 

6.44 


64.12    1     71.60 74.70 


5.01 

5.44 

5.04 

5.39 

5.42 

6.08 

6.87 

7.31 

6.99 

6.81 

7.34 

6.33 

74.03 


5 .  55 

5.54 

5.37 

5.96 

6.41 

6.44 

6.76 

7.21 

7.00 

7.21 

7.32 

6.60 


0.43 

0.73 

1.21 

1.83 

1.92 

2.20 

2.30 

2.38 

6.77 

6.65 

26.42 


5.17 
5.59 
5.79 
6.59 
5.88 
6.34 
7.15 


7.50 
7.17 
7.37 
7.21 
6.20 


77.46         77.96 


0.41 

0.73 

1.24 

1.57 

1.90 

2.25 

2.34 

2.30 

6.63 

6.38 

25.75 


5.34 

5.57 

5.69 

5.99 

6.11 

6.82 

7.41 

7.68 

7.15 

7.58 

7.63 

7.16 

80.13 


TABLE  14— VITAMIN  D  INTAKE 
(Average  number  of  U.S. P.   units  from  cod  liver  oil  concentrate  consumed  per  pullet^ 

1932-,33   Experiment 


Group    number 
U.S.  P.    units 
vitamin    D   per 
100  grams   feed 

1      1 
0      . 

2 

10 

3      i 

19 

4 
39 

58 

6 

78 

t 

i 

7      1 

116 

1 

8 
155 

9 

0 
(Range) 

10 

39 
(Range) 

Weeks 

0-2      _ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0     1 

0       1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 
32 
39 
49 
57 
54 
33 
71 
137 
173 

661 

186 

204 

193 

185 

227 

216 

253 

234 

203 

168 

186 

196 

192 

2,643 

Growing  period 

!                            1 
32  1          63            88 

67           138          186 

IOC  i        207           296 

121  '        241           366 

148          297          452 

152          315          499 

112           222  1        325 

157  i         336           527 

.382          754       1,153  ' 

441           884       1,291 

1,712       3,457       5,183 

Laying  period 

405           965        1,560 
449       1,001       1,572 

403  ]        926       1,378 
423  i        993       1,738 
521       1,182       1,915 
510       1,129       1,791 
537       1,171       1,803 
509       1,195       1,807 
484       1,131  ,     1,916 
405           895  i     1,548 
400          977  1     1,504 

404  930  :     1,267 
392          899  :     1,407 

5,842     13.391      21,206 

128 

258 
397 
484  i 
641  1 
658  ! 
381  i 
629 

1,620  ! 

1,706 

6,902 

2,064 
2,152 
2,102 
2,3.36 
2,488 
2,209 
2,345 
2,4,37 
2,356 
2,042 
2,056 
1,938 
2,053 

28,. 578 

188 

391 

565 

697 

877 

922 

565 

1,018 

2,331 

2,617 

10,171 

3,C19 
3,204 
3,119 
3,575 
3,684 
3,365 
3,653 
3,712 
3,603 
2,834 
2,8.58 
2,768 
2,845 

i  42,239 

340 

539  : 

768 

955 

1,184 

1,320 

653 

1,435 

3,452 

3,578 

14,119 

3,983 
4,072 
4,000 
4.882 
5,324 
4.772 
4,778 
5,055 
4,624 
3,908 
!     4,000 
3,711 
3,541 

56,650 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
I        0 
0 
0 

0 

84 
138 
204 

271 

2-4      

4-6      -      _ 

6-8               '• 

8-10             ' 

341 

10-12      ! 

430 

12-14      

214 

14-16          

302 

16-20          __ i 

865 

20-24      

^2;) 

Total  number 
units   consumed     , 

24-28      

3.774 

1,0l>9 

28-32             

1,043 

32-36      

993 

36-40      

40-44       

44-48              

1,151 
1.250 
1,092 

48-52      ! 

52-56 

1,201 
1,150 

5f)-60      

l,0o8 

60-64       

(i4-68 

9;)9 
1,039 

68-72      

72-76      

Total  number 
units   consumed 

1,020 
953 

13.938 

TABLE  15-VITAMIN  D  INTAKE 
(\verage   number  of  U.S. P.   units   from  cod  liver  oil   concentrate  consumed  per  pullet) 

1934-35  Experiment 


Group   number 
US. P.    units 
vitamin    D   per 
100    grams    feed 


1 

0 


2 
19 


3 

89 


4 

58 


5 

78 


6 
97 


7 
116 


6 
155 


9 

310 


Growing  period 


Weeks 

0-2     

2-4     

4-6     

6-8     - 

8-10     

10-12      

12-14      

14-16      

16-20     

20-24      

Total  number 

units    consumed    _- 

Weeks  ( 

24-28     

28-32     

32-.36      _ — 

.36-40     

40^4      

44-48      

48-52     - 

52-56      

56-60     

60-64     - 

64-08     

68-72     

Total  number 

units    consumed    -- 


0 
0 
(? 
0 
0 
0 
0 
0 
0 
0 

0 


0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


38 
63 
106 
135 
147 
182 
185 
192 
CIO 
507 


76 
128 
218 
265 
328 
383 
394 
435 
1,195 
1,073 


2,125  ;   4,495 


117 
194 

238 
408 
492 
590 
601 
€50 
1,799 
1,071 

6,860 


150 
245 
429 
523 
625 
748 
762 
825 
2,284 
2,095 


15)6  : 

219  ; 

302  ' 

570 

305  ' 

376 

512 

1,032 

5:'.<) 

610 

853 

1 ,7.38 

(•8:5 

836 

1 ,287 

2,210 

811 

1,042 

i,:^8 

2,664 

954 

1,1.58 

1,545 

3,  ICO 

ms 

1,163 

1,616 

3,290 

1,034 

1,216 

1.673 

3,234 

3,059 

3,541 

4,762 

9,319 

2,817 

3,395 

4,672 

8,972 

8,686  '     11,363  !     13,556       18,570       36,189 


389 
356 
395 
393 
391 
483 
631 
522 
495 
533 
537 
450 


Laying  period 


819 

794 
7(« 
781 
800 
936 
1,012 

i,05:j 

1,008 

1,167 

1,157 

973 


1,283 

1,802 

1,304 

1,986 

1,191 

1,604 

1,274 

1,857 

1,402 

1,910 

1,686 

2,238 

1,771 

2,582 

1,826 

2,549 

1,775 

2,.%7 

1,895 

2,517 

1,897 

2,637 

1,572 

2,2<54 

2,202 
2,388 
2,214 
2,, 367 
2,380 
2,671 
3,019 
3,210 
3,071 
2,994 
3,224 
2,781 


2,926 

3,635 

2,920 

8,9.33 

2,832 

4,068 

3,144 

4,631 

3,381 

4,138 

3,. 398 

4,455 

3,562 

5,026 

3,803 

5,275 

3,738 

5,044 

3,803 

5,181 

3,862 

5,066 

3,480 

4,357 

7,509 

7,827 

8,O07 

8,417 

8,584 

9,589 

10.415 

10,801 

10,048 

10,653 

10,725 

10,0<>4 


5,485  I     11,268       18,876       26,263 


32,521  I     40,849       54.804      112,6.39 


Group   1   was  discontinued   at  eight  weeks, 
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TABLK    Iti    AVERAGE    PER    CENT    EGG    PRODUCTION 

1932-3P,    EXPERIMENT 


Group   number 
U.S. P.    units 
vitamin    D   per 
lOO    grams    feed 


Weeks 

24-2S     5.3 

28-.'^2     5.1 

•A2-'M\      1.5 

'A6-H)     3.2 

40^44      6-6 

44-48     10.4 

48-52     24.0 

5^r^a    21.7 

50-00     8.3 

60-64     7.6 

G4-G8     3.1 

G8r-72     O.S 

72-76     8.0 

Average     7.6 


TAIU.E   IT- 


AVERAGE  PER  CENT  EGG  PRODUCTION 
19:^4-;J5  EXPERIMENT 


Group    number 
U.S. P.    units 
vitamin   D   per 
100  grams   feed 


1!» 


Weeks 

20-24     31.8 

24-28     22.0 

28^32     4.9 

32-.''.6     5.9 

.36-40     -^-7 

40-44     1-1 

44-48     3.2 

48-52     7.3 

52-56     8-f> 

56-60     7.9 

60-04     6-2 

64-68     10-5 

6^72     .- —  3.7 

Average     10.2 


3 

39 


87.5 

25.9 

7.4 

8.4 

4.3 

2.2 

5.2 

11.7 

15.0 

12.8 

15.2 

20.5 

11.8 

14.5 


4 
58 


a 

78 


47.3 
39  5 
20.0 
10.4 
12.7 
9.5 
18.1 
28.0 
29.6 
26.2 
24.1 
26.6 
22.2 

24.7 


42.4 

4r>.5 

27.9 

29.5 

24.7 

19.1 

29.1 

44.0 

45.6 

38.2 

32.1 

39.5 

38.1 

35.3 


6 
97 

36.2 

47.9 

34.9 

39.3 

26.0 

25.1 

25.8 

39.5 

52.0 

50.4 

31.6 

35.8 

35.7 

37.0 


i 
116 


41.1 

54.6 

43.2 

49.7 

43.0 

41.4 

37.5 

37.9 

49.4 

50.3 

42.1 

35.8 

34.0 

43.4 


l.').- 


TABLE  18-AVERAGE   WEIGHT  OF   EGGS  IN  GRAMS 

19ti2^3:i    EXPERIMENT 


Group  number 
U.S. P.    units 
vitamin    D   per 
lOO    grams    feed 


2 
10 


8 
19 


5 
(8 


6 
78 


7 

110 


8 
155 


Weeks 

24-28  - 

28-32  - 

32-36  - 

.3f3-40  - 

40-44  - 

44-48  - 

48-52  - 

52-.50  . 

nii-m  . 

60-64  . 

64-68  . 
68-72 
72-76 

Average 


43.8 
46.2 
40.9 
46.9 
51.1 
50.8 
54.9 
54.6 
49.6 
47.6 
.50.0 
56.7 
53.3 

51.0 


43.5 

46.4 

48.0 

49.5 

52.1 

50.9 

53.5 

.53.8 

53.1 

52.6 

51.8 

54.8 

58.6 

50.9 


44.8 
47.3 
49.1 
52.2 
54.6 
52.9 
53.8 
54.1 
53.8 
51.8 
52.6 
53.0 
55.2 

51.7 


45.0 

47.6 

48.9 

52.3 

54.4 

54.5 

54.8 

55.4 

54.7 

53.6 

54.4 

55.6 

57.5 

52.7 


45.9 

48.1 

49.9 

.52.9 

53.9 

54.1 

55.0 

55.3 

54.8 

53.2 

.53.8 

.54.9 

56.2 

52.3 


45.5 

48.2 

50.0 

53.6 

55.0 

53.8 

54.9 

54.6 

54.3 

51.9 

53.6 

55.2 

56.8 

.52.7 


45.6 
47.5 
50.0 
,51.5 
54.5 
53.9 
54.5 
54.2 
53.5 
52.4 
53.5 
54.5 
55.2 

52.3 


46.7 

49.8 

44.3 

58.2 

58.2 

42.4 

40.7 

48.0 

60.2 

53.1 

44.6 

39.9 

44.5 

48.6 


9 


37.6 

57.4 

42.3 

57.6 

46.8 

40.2 

46.1 

55.8 

58.9 

55.9 

45.6 

47.0 

44.0 

48.8 


9 


10 


0        I       39 
(Range)  (Range) 


45.8 
48.8 
50.6 
53.0 
54.1 
.55.0 
55.6 
55.0 
54.9 
53.0 
.54.3 
56.0 
56.3 

53.1 


45.7 

48.8 

50.2 

53.3 

54.2 

54.1 

55.6 

56.4 

54.5 

53.7 

54.9 

55.3 

5(5 . 6 

52.9 


TABLE  19— AVERAGE  WEIGHT  OF  EGGS  IN  GRAMS  * 

1984^35   EXPERIMENT 


Group    number 
U.S. P.    units 
vitamin   D  per 
100  grams   feed 


Weeks 

•20-24  

24-28  

28-32  

32-36  

.sr^40  

40-44  

44-48  

48-52  

52-56  

56-60  

60-04  

(>4-68  

r.8-72  

Average     ___ 

*A   2-ounee  egg  weighs  56.7  grams. 

'J'ABLE  20- AVERAGE  PER  CENT  EGG  SHELL  OF  TOTAL  WEIGHT  OF  EGG 

11)32-S3   EXPERIMENT 


2        1 

3 

4 

6 

6 

7 

8 

1          » 

1 

1 

19 

1 

39 

58 

78 

97 

116 

155 

310 

1 

38.5 
39.8 
41.2 

40.4 
41.9 
41.6 

39.9 

42.5 

,       45.1 

39.0 
41.9 
44.6 

■ 

40.4 
42.5 
45.9 

40.6 
42.7 
44.2 

41.3 
43.2 

-15.6 

40.4 

43.2 

44.6 

42.7 

44.1 

43.6 

45.3 

46.9 

46.4 

48.1 

47.0 

43.6 

43.0 

46.2 

48.5 

48.8 

49.4 

49.7 

48.7 

45.8 
47.7 

48.0 
49.7 

48.5 
51.5 

51.1 
53.4 

51.0 
.54.1 

52.5 
53.4 

.51.0 
53.1 

.50.9 

53.0 

50.9 

53.1 

.54.8 

55.4 

.56.5 

55.3 

55.0 

54.2 

50.8 

53.5 

54.0 

55.3 

57.4 

56.0 

56.2 

55.3 

.51.3 

52.9 

;       5.5.1 

Sf).! 

57.1 

.56.3 

57.3 

55.7 

50.1 

54.5 

i      55.8 

56.1 

.57.0 

57.0 

57.5 

55.9 

52.9 

.56.4 

1      58.1 

.56.6 

.58.2 

1       57.1 

.58.5 

.56.4 

53.3 

57.3 

57.5 

57.5 

57.7 

57.8 

58.9 

59.0 

43.1 

46.2 

,      48.4 

49.8 

50.7 

50.5 

;       .51.2 

51.0 

Group   number 
U.S. P.    units 
vitamin    D    per 
100    grams    feed 


Weeks 
28-32 
32-3^ 
36-40 
40-44 
44-48 
48-52 
52-56 
56-60 
€0-64 
64-68 
68-72 
72-76 

Average 


6.4 
6.7 
7.1 
6.1 
6.3 
7.9 
7.1 

6.2 

♦ 

* 

6.6 
6.7 


7.8 
7.6 
7.4 
7.7 
6.6 
7.0 
7.2 
6.9 
6.8 
6.6 
6.2 
6.9 

7.0 


9.7 
9.5 
9.9 
9.1 
8.1 
9.0 
9.2 


8. 

7, 
7, 


7.3 

8.8 

8.7 


9.7 
9.5 
9.3 
9.3 
8.9 
9.2 
9.0 
8.8 
8.7 
7.9 
8.4 
8.9 

8.9 


10.0 
9.4 
9.5 
9.5 

8.8 
8.9 
8.8 
7.7 
8.2 
8.4 
8.3 
8.3 

8.8 


9.7 
9.9 
9.8 

9.8 
8.9 
9.1 

9.0 

7.8 
8.7 
7.9 

8.5 
8.6 

9.0 


8 
1.55 


9.9 
10.2 
8.9 
9.8 
9.6 
9.2 
8.9 
8.6 
8.8 
8.8 
9.1 
9.2 

9.2 


9 

0 
(Range) 


10.1 
9.8 
9.4 
9.3 
8.9 
8.9 
9.0 


10 

39 
(Range) 


10.1 
10.0 
8.9 
9.6 
8.8 
8.6 
9.0 


8.6 

8.5 

8.3 

8.6 

8.9 

8.6 

8.7 

8.7 

9.0 

8.7 

9.1 

9.0 

*  At   the  time  tWs   determination  Avas  made   a  sufficient  number  of  eggs  was 
from  Group  2  for  this  purpose. 

T4BTF   21     AVERAGE   PER  CENT  EGG  SHELL  OP  TOTAL  WEIGHT 
TABLE  21-AVLK.altJ'.    i  i.rv    ^^^^^^    EXPERIMENT ^^ 


not   obtainable 


OF  EGG 


Group    number 
U.S. P.    unit;! 
vitamin    D   per 
100  grams    feed 

Weeks 
20-24 
24^28 
28-32 
32-3(5 


2 
19 


3 

39 


4 
58 


5 

78 


6 
97 


7 

116 


9.4 

9.0 

8.1 

8.4 

8.2 

8.7 

9.1 

8.6 

8.9 

9.1 

8.7 

8.7 

9.0 

8.8 


8 
155 


9.5 

9.4 

8.2 

9.1 

8.7 

9.2 

8.9 

9.1 

8.9 

9.6 

9.1 

9.2 

8.9 

9.1 


• 

310 


9.7 

9.1 

8.0 

8.9 

9.0 

8.8 

9.1 

9.5 

9.8 

9.3 

9.5 

9.8 

9.1 

9.2 


*A  2-ounce  egg  weighs  5(5.7  grams, 
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TABLE  22— PER  CENT  ASH  IN  EGG  SHELL 
1932-33   EXPERIMENT 


Group  number 
U.S. P.    units 
vitamin    D   per 
100    grams    feed 


Weeks 
28-32 
32-30 
3G-40 
40-44 
44-48 
48-52 
52-50 
50-60 
60-04 
64-08 
68-72 
72-76 


10 


3 
19 


4 
39 


5 
58 


6 

78 


7 
116 


8 
155 


9 


10 


.Average 


1 

53.1 

52.5 

53.0 

53.3 

53.0 

53.2 

54.1 

53.4 

0        '      39 
(Range)!  (Range) 


5.3.1 

53.3 

53 

53 

53 

53 

53.0 

53.1 

53.2 


53.7 
53.2 
52.7 
53.3 
53.5 
53.3 
53.3 
53.1 

53.2 


53.0 
.53.2 
53.2 
53.3 
53.3 
53.3 
53.3 
53.3 
53.2 
53.5 
52.8 
53.2 

53.2 


52.7 

52.7 

53.2 

53.5 

53.0 

53.1 

53.3 

53.1 

53.0 

53.3 

53.3 

53.4 


58.1 


*  At   the  time   this   determination   was   made  a   sufficient  number  of  eggs  was 
from  Group  2  for  this  purpose. 

T^BLE  23— PER  CENT  ASH  IN  EGG  SHELL 
1934-35    EXPERIMENT 


not  obtainable 


TABLE   24-  BL001>  SERUM   CALCIUM 

(Milligrams   calcium   per   ICO  cubic   centimeters    of   blood    serum) 

1932-33   Experiment 


Group  number 
U.S. P.    units 
vitamin    D   per 
100    grams    feed 


2 
10 


S 

19 


4 
89 


5 

58 


6 
78 


7 

116 


8 

155 


9 


10 


0  39 

(Rangr)  (Range) 


Weeks 
28-32    . 
:}2-36     . 
36-40     . 
40-44     . 
44-48     . 
48-52 
52-50 
56-00 
60-64 
04-68 
68-72 
72-70 

Average 


19.0 

17.4 

17.1 

22.3 

20.3 

21.0 

15.2 

21.1 

14.0 
* 

« 
18.0 

18.7 


18.1 

21.4 

21.3 

22.8 

22.3 

20.6 

21.8 

19.9 

27.0 

18. S 

17.0 

25.1 

21.4 


20.4 

25.2 

25.8 

22.6 

20.0 

27.6 

27.4 

26.5 

21.9 

21.0 

19.8 

26.0 

24.3 


20.4 

26.2 

27.0 

23.3 

28.5 

2IJ.5 

28.6 

24.0 

23.9 

20.8 

22.6 

24.8 

24.7 


22.5 

21.9 

25.1 

23.4 

27.6 

27.2 

29.0 

24.6 

20.0 

25.2 

20.1 

27.0 

25.5 


24.4 

24.6 

27.4 

25.4 

29.8 

28.0 

29.6 

25.0 

25.0 

25.7 

2:^.4 

2:^.8 


26.0 


25.1 

23.5 

30.3 

23.2 

.30.0 

27.4 

28.7 

20.2 

22.7 

27.3 

19.0 

25.4 

25.2 


27.3 

22.6 

25.5 

27.7 

28.0 

30.3 

26.1 

27.4 

28.3 

28.0 

20.9 

27.5 


20.6 


22.6 

22.6 

25.3 

27.6 

27.4 

28.8 

28.9 

25.8 

22.4 

27.0 

21.8 

25.0 

25.5 


*At    the   time   this   detonnination    was   made   sufficient   pullets   were 
which  to  obtain  a  sample  of  blood. 


not    in    production    from 


TABLE  25— BLOOD  SERUM  CALCIUM 

(Milligrams  calcium  i>cr  lOO  cubic  centimeters  of  blood  serum) 

1934-35    Experiment 


(iroup    number 
U.S. P.    units 
vitamin    D    per 
lOO  grams   feed 

Weeks 

20-24  

24-28  

28-32  

J?2^36  

36-40  ■-- 

40-44  

44-48  

48-52  

52'-.56  

5fi-00  

60-64  

64-68  

68-72  

Average    


2 

3 

4 

5 

0 

7 

8 

9 

19 

39 

58 

78 

97 

116 

155 

310 

i 
24.6 

2r».i 

25.1 

27.2 

20.7 

20.9 

30.0 

27.0 

23.7 

29.7 

24.9 

25.7 

21.9 

27.4 

28.0 

30.4 

18.0 

19.2 

21..-) 

21.5 

23.8 

22.3 

22.3 

29.4 

19.5 

20.3 

21.3 

20.2 

27.4 

23. G 

24.3 

29.5 

22.4 

12.9 

15.2 

19.4 

25.0 

22.9 

24.0 

23.4 

20.2 

18.2 

25.5 

22., 1 

23.6 

2T?.3 

24.2 

24.7 

21.7 

20.1 

24.7 

24.4 

24.6 

20.1 

2.-).  3 

20.4 

15.8 

18.3 

23.4 

24.0 

27.2 

25.0 

29.0 

30.4 

16.6 

24.3 

19.0 

30.1 

1       28.2 

25.5 

29.8 

30. t) 

18.5 

20.3 

22.5 

20.7 

,       26.1 

25.1 

28.3 

20.0 

26.8 

27.2 

28.8 

30.3 

28.8 

29.0 

30.1 

29.6 

i      28.0 

22.  G 

25.0 

1      24.1 

29.3 

27.5 

30.3 

29.8 

19.9 

20.3 

25.5 

1      27.3 

28.3 

28.6 

28.8 

29.4 

21.2 

21.9 

23.3 

24.5 

20.2 

25.6 

27.3 

2*^.2 

TA"BLE  26-HATCHTNO  RESULTS 
1932-33    EXPERIMENT 


Group    number 
U.S. P.    imits 
vitamin  T>  por 
ino  grams    feed 


8  9  10 

l.V.  0  39 

(Range)'  (Range) 


Number  of  eggs  "et 


Hatch  Date 

number  hatched 

1  March       10, 

2  April  7, 

3  May  12, 

4  .Tune  1, 

5  .Tune          10, 
Total   5  hatches   


19^3 

19.33 

1933 

1933 

1933 


41 

61 

IS 

6 

131 


46 

86 
80 
'M 
38 

284 


ICO 
lOO 

TOO 

loa 

100 


100  I 
100  I 
100 
100 
100 

r)0(J 


100 
100 
100 
100 
100 
500 


100 
100 

100 ; 

100  ! 

ICO 
500 


Per  cent  hatch  of  fertile  eggs 


1 
2 
3 

4 
5 


March 

April 

May 

June 
June 


10, 
7, 

12, 
1, 

IT/, 


1933 
1933 
1933 
193.3 
1933 


Average    5    hatches 


25.0 

69.2 

60.1 

7.1 

0.0 


40.5 
.-14.9 
38.5 
41.9 
41.4 

44.5 


87.8 

80.7 

89.4 

(il.O 

81 .2 

79.3 

70.8 

9C.A 

SO. 2 

7.^.7 

87.0 

90.9 

76.2 

84.0 

84.5 

74.6 

84.5 

84.9 

90 

92 


92.5 
87.0 
78.6 

88.1 


100 
lOO 
100 

ino 

100 
.-)00 


90.7 
80.0 
85.3 

88. 7 
90.3 

87.8 


100 
lOO 
100 
100 
100 
500 


87.3 
93.8 
86.1 
90.7 
07.4 

91.0 


100 
100 
100 
100 
100 
500 


92.0 
85.4 
76.1 
86.2 
77.5 

83.3 


T\BLE    OT-HATCHING    RESULTS 
i93V35  EXPERIMENT 


Group    number 

U.S. P. 

units 

vitamin 

I)    per 

100  grams    feed 

Hatch 

Date 

number 

hatch 

ed 

1 

March 

0, 

1935 

2 

April 

o 

193i> 

3 
Total    3 

1 

May 
hatches 

March 

29, 

1935 

6, 

1935 

*> 

April 

:i, 

193.') 

3 

May 

29. 

V.Ki\) 

2 
19 


3 

39 


4 

1 

3 

6 

t 

58 

78 

97 

lie 

8 
l.-)5 


9 
310 


Number 

of  ( 

>pgs  set 

1 

1 

14 

47 

! 

77 

100 
100 

76 
lOO 

lOO 

100    1 

100 

100 

16 
11     i 

3(» 
34 

42    I 

90 

71 

lOO 

100 

41 

111 

191 

290 

247 

1      300    1 

3C0 

Per  cent  hatch  of  fertile  eggs 
25.0 


00.0 
10.0 


34.2 
::(K4 
.52.4 


82.5 
69.8 
80. C 


75.6 
SO.G 


77.3 
S2.7 
78.2 


08.3 
77.0 
76.3 


77.8 
91.8 
S9.2 


10<1 
100 
109 

3l>0 


72.6 
S9.0 

08.  S 


79.6        74.2        8C.5 


Average    3    hatches 


i  I 


A 


36 


Pennsylvania  Agricultural  Experiment  Station 


TABLE   '^8-AVERAGK    BODY   WEIGHT   OF    PULLETS   IN    POUNDS 
RANGE    (groups,    19:34-^5    EXPERIMENT 


Group    number 
U.S.P.    units 
vitamin    D    per 
100   grams    feed 


10 
0 


11 
10 


12 
99 


13 

78 


Growing  period 


Age   in   weeks 

0  0.08 

2  -                    -  -  0-23 

^^      ^  ^^^ 

6    ::"::"::i: ^-^^ 

g        1.20 

10        I 1-^^ 

lo  --  2.00 

14    ::::::::::""---"--- ^31 

16        2.78 

f,  ::::::::::::::::::::::::::::::  l^     ' 

Laying   p<?riod 

OQ  _  _  _  3.81 

^.>        "  ~_  3.89 

30    :::::::::: 3.08     ; 

40        3.80  I 

44  _     _       3.06 

48        —-- 3.91 

52        ,  4.00 

56       4.03 

60        3.92  ! 

04       4.01  ; 

68        4.07 

7<>  _     4.07 

76    :::::::::: 4.10 

Average  28  to 

76    weeks -^-^^ 


0.08 

0.24 

0.50 

0.85 

1.22 

1.62 

2.0(3 

2.. 34 

2.83 

3.16 

3.59 

3.91 

3.95 

4.01 

3.87 

3.68 

3.98 

4.06 

4.09 

4.01 

4.04 

4.04 

3.98 

3.94 


;.JM) 


0.08 

0.2:^ 

0.49 
0.82 
1.24 
1.57 
1.99 
2.32 
2.82 
3.13 
3.50 

3.80 

3.92 

3.90 

3.87 

3.73 

3.91 

4.06 

4.13 

4.00 

4.08 

4.07 

4.06 

4.11 

3.97 


0.08 

0.2:^ 

0.49 

0.80 

1.20 

1.57 

1.99 

2.28 

2.76 

3.14 

3.53 

3.81 
3.95 
4.00 
3.87 
3.71 
3.95 
4.02 
4.07 

:;.sn 
:5.8f. 
:?.9s 
3.92 
3.93 

3.91 


^.^jil  y   o<,_FEED   CONSUMPTION  AND  VITAMIN   D  INTAKE 
(Average  number  of  pounds  of  mnsh  and  number  of  U.S. P.   units  from  cod  liver  oil 

concentrate  consumed   per   pullet) 
Range  Groups,   1934-35  Experiment 


(^roup    number 
U.S. P.    units 
vitamin    D    per 
100    grams    feed 


10 
0 


11 
19 


12 


13 
78 


Weeks 

{\  2        

2-4         

A-A\         

6-8         

8-10        

KM2         

12-14         

14-10         

16-20         

20-24         

Total   pounds    or  ] 

units     consumed     21.42 


Growing  period 
Pounds    Units    Pounds 


0.62 
0.82 
1.21 
1.47 
1.88 
1.79 
2.06 
2.18 
4.44 
4.95 


0 
0 
0 
0 

•  » 

0 
0 
0 
0 
0 


0.62 
0.84 
1.29 
1.49 
2.03 
1.90 
2.37 
2.65 
4.57 
5.52 


'  0     23.28 

Laying   period 


Units 
55 
74 
113 
131 
178 
167 
209 
233 
402 
485 

2,047 


Pounds 
0.62 
0.84 
1.18 
1.47 
1.72 
1.72 
2. 20 
2.34 
4.26 
5.20 


Units 
109 
147 
207 
258 
.301 
302 
.397 
411 
748 
914 


Pounds; 
0.60 
O.80     1 
1.17     ! 
1.37 
1.72 
1.64 
2.27 
2.61 
4.55 
5.04 


24-28 
2S-32 
32-:;6 

40-44 
44^48 
•18-52 
52-66 


5.98 

0 

5.78 

508 

6.14 

0 

6.30 

553 

6.66 

0 

6.79 

597 

7.34 

0 

7. SO 

642 

7.33 

0 

7.20 

660 

6.97 

0 

6.84 

001 

7.33 

0 

7.23 

♦«6 

7.21 

0 

7.09 

623 

56-60        -—      ^-3^ 


00-64        - 

04-68        

68^72        ---■ 

72-76        

Total   pounds   or 

units    consumed     88.46 


6.51 

7.68 
6.90 
6.02 


0 
0 
0 
0 
0 


6.n 

6.60 
7.61 
6.83 
6.34 


5.37 
580 
669 
601 
557 


21.61    3,794  21.77 


6.47 

6.70 

6.65 

7.63 

7.76 

7.53 

7.56 

7.78 

6.90 

6.76 

7.78 

7.58 

7.03 


1.137 

6.15 

1,177 

6.38 

1,168 

6.59 

1,340 

7.14 

1,364 

7.63 

1,323 

7.16 

1,329 

7.20 

1,368 

7.19 

1 ,212 

6.16 

1,187 

6.15 

1,307 

6.72 

1,332 

6.47 

1,235 

6.35 

Units 
210 
282 
410 
480 
604 
576 
709 
910 
1,599 
1,773 

7,649 

2,162 
2,243 
2,310 
2,510 
2,682 
2,517 
2,531 
2,529 
2,164 
2,103 
,  2,304 
1     2,274 

;    2,2:^ 


0      88.02 


7,764     94.13       16.5.-^     87.29    =  30.689 


-  •'^'-»«*^^»q 
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TABLE  30-AVERAGE   PER  CENT  EGG  PRODUCTION  AND  AVERAGE   WEIGHT 
OF    EGGS  IN  GRAMS*  RANGE  GROUPS,    1934-35  EXPERIMENTS 


Group    number 
U.S. P.    units 
vitamin  D  per 
100  grams  feed 

10 
0 

11 
19 

12 
39 

13 

78 

Weeks 
24-28        - _ 

Per  cent 
produc- 
tion 
43.4 
50.2 
34.2 
56.8 
54.8 
46.5 
54.3 
55.4 
51.9 
61.7 
60.4 
50.7 
39.0 

50.6 

Weight 
in 

grams 
47.1 
50.1 
52.3 
55.0 
55,6 
56.6 
58.2 
58.5 
57.5 
57.8 
58.3 
59.2 
00.4 

55.9 

Per  cent 
produc- 
tion 
39.9 
49.9 
45.9 
56.6 
55.1 
47.5 
49.2 
45.5 
46.8 
60.6 
56.9 
47.3 
29.6 

48.7 

Weight 
in 

grams 
46.7 
49.7 
51.9 
54.1 
54.9 
55.4 
57.6 
58.4 
56.9 
56.9 
57.1 
57.3 
60.5 

54.9 

Per  cent 
produc- 
tion 
48.9 
57.5 
88.9 
56.8 
56.5 
49.0 
51.9 
50.0 
53.7 
60.3 
62.9 
50.2 
43.4 

52.7 

Weight 
in 

grams 
47.0 
49.5 
51.7 
.-)4.4 
55.7 
55.7 

:^^.\ 

57.5 
56.7 
i        .^)7.4 
57.8 
58.1 
58.6 

54.9 

Per  cent 
produc- 
tion 
40.3 
53.8 
43.0 
53.0 
50.9 
44.7 
52.3 
49.9 
40.2 
48.4 
42.2 
36.8 
27.8 

45.2 

Weight 
in 

grams 
46.6 

28-32        

48.3 

32^36        

50.9 

30-40        _— 

52.1 

40^-44        

58.3 

44-48        

53.5 

48-52        

55.6 

52-56            

56.1 

56-60        - 

55.7- 

60-64        

55.8 

64-68        

54.5 

68-72        

55.3 

72-76        

57.6 

Averages       

.53.2 

*  A  2-ounce  egg  weighs  56.7  grams. 

TABLE   .31-AVERAGE   PER  CENT  EGG  SHELL  AND  PER   CENT  SHELL   ASH 

RANGE  GROUPS,   1934-35  EXPERIMENT 


Group   number 
U.S. P.    units 
vitamin   D  per 
lOO  grams  feed 


Weeks 


24-28 

28-32 

32-36 

36^40 

40-44 

44-48 

48-52 

52-56 

56^0 

60-64 

64-68 

68-72 

72-76 


Averages 


Per  cent 
shell 

10.4 
9.6 
9.6 
9.3 
9.5 
9.4 
9.1 
9.1 
8.4 
8.7 
8.8 
9.0 
8.7 

9.1 


Per  cent 
ash 

52.9 

53.4 

53.3 

53.6 

53.4 

53.5 

53.2 

53.4 

53.4 

53.2' 

53.5 

53.3 

53.3 

53.3 


Per  cent 
shell 

9.5 

9.0 

9.6 

9.3 

9.0 

9.5 

9.1 

8.7 

8.7 

8.6 

8.8 

9.2 

9.S 

9.1 


Per  cent 
ash 

53.3 

53.2 

53.6 

53.6 

53.3 

53.5 

53.4 

.53.1 

53.3 

53.2 

53.4 

53.0 

53.0 

.53.3 


Per  cent 
shell 

9.6 

9.8 

9.4 

9.2 

9.3 

9.1 

9.6 

8.8 

8.8 

8.9 

8.6 

9.0 

8.8 

9.1 


Per  cent 
ash 

53.3 
53.0 
53.5 
.53.5 
53.5 
53.5 
,53.7 
53.2 
53.4 
.53.3 
53.5 
53.4 
53.4 

.53.4 


Per  cent 
shell 

10.0 
9.8 
9.3 
9.3 
9.3 
9.1 
9.5 
8.8 
8.4 
8.8 
8.5 
8.9 
8.9 

9.1 


TABLE  32-BLOOD  SERUM   CALCIUM 

(Mflligrams  calcium  per  100  cub'c  centimeters  of  blood   .«erum) 

Range  Grouns.   19.34-35   Experiment 


Group    number 
U.S. P.   units 
vitamin   D  per 
100  grams   feed 


Weeks 

24-28 

28-32 

32-36 

36-40 

40-44 

44-48 

48-52 

52-56 

56-60 

00-64 

64-68 

68-72 

72-76 

Average 


Per  cent 
ash 

53.2 

53.5 

53.4 

53.6 

53  5 

53.6 

53.3 

53.1 

53.0 

53.4 

53.4 

.53.3 

53.2 

.53.3 


* 


153 
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TABLE  33-HATCHlNG  RESULTS   RANGE   GROUPS 
^  1934-35    EXPERIMENT 


Group  number 
U.S. P.  units 
vitamin   D   per 
100  grams   feed 


10 
0 


11 
19 


12 
39 


13 

78 


Hatch  I>ate 

number  hatched 

1  March         6,  1935 

2  April  3,  1935 
8  May           29,  1935 


Total    3    hatches 


Number  of  eggs  set 


100 
100 
100 


300 


100 
100 
100 

300 


Per  cent  hatch  of  fertile  eggs 


1 
2 
8 


March 

April 

May 


6,  1935  

3,  1935  

29,  1935  


Average   S   hatches 


84.1 
88.0 

78. 8 

84.1 


84.3 
93.0 
85.9 

88.0 


100 
100 
lOO 

300 


88.9 
83.0 
85.9 

85.8 


100 
100 

100 

300 


82.8 
85.7 
82.6 

83.8 
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PROPERTIES  OF  THE  HYDROXYL  GROUPS  OF  CLAY  AS  A  BASIS 

FOR  CHARACTERIZING  A  MINERAL  SOIL^ 

WALTER  THOMAS 
Pennsylvania  State  College 

Received  for  publication  June  20,  1936 
INTRODUCTION 

By  the  conductometric  titration  of  a  soil  treated  with  increasing  concen- 
trations of  Ba(0H)2,  Hissink  (17,  18)  found  that  the  salt  line  representing  the 
formation  of  the  barium  salt  of  the  soil  acids  coincided  with  the  abscissa  on 
which  were  plotted  the  quantities  of  Ba(0H)2  added,  indicating  saturation  of 
these  acid  functions.  It  has  been  found  also  by  Hissink  and  later  by  others 
that  the  conductivity  of  the  solution  at  the  points  of  the  straight  portion  of 
the  baryta  line  is  proportional  to  the  content  of  baryta  in  solution.  Hissink 
accordingly  proposed  that  the  degree  of  unsaturation  of  a  soil  represented  by 
his  quantity  T  —  S  {T  =  maximum  absorbing  capacity,  S  =  replaceable 
bases)  could  be  determined  by  the  point  represented  by  the  intersection  of  the 
straight  portion  of  the  baryta  line  with  the  abscissa.  Hissink  pointed  out  that, 
although  the  method  was  not  free  of  objection,  the  horizontal  portion  of  the 
bartya  line  corresponded  approximately  to  the  so-called  "replaceable"  hydro- 
gen ions.  But  a  number  of  investigators  (2,  20,  21,  24,  26)  have  pointed  out 
that  Hissink's  quantity  {T  —  S)  is  much  higher  than  that  corresponding  to 
the  replaceable  hydrogen  ions. 

The  resulting  confusion  appears  to  have  delayed  the  recognition  of  the 
possibilities  of  the  acid  and  base  titrametric  method  as  a  means  for  the  rapid 
characterization  of  soils.  The  principal  objection  which  has  been  raised  is 
that  secondary  reactions  take  place — that  the  barium  (or  calcium)  hydroxide 
reacts  not  only  with  the  base  exchange  components  but  also  with  other  con- 
stituents of  the  soil — when  an  excess  of  alkali  or  alkali  hydroxides  is  added  to  a 
soil  (21,  25). 

On  the  other  hand,  by  treating  soils  with  increasing  concentrations  (0.005 
N  to  0.04  N  per  gram  of  soil)  of  Ba(0H)2  in  aqueous  solution  and  also  of  KOH 
in  alcoholic  solution  both  before  and  after  leaching  with  a  solution  of  0.05 
N  HCl,  Clarens  (12)  has  established  the  existence  of  a  gamut  of  acidic  functions 
in  a  soil  J  the  barium  salts  of  one  of  which  are  decomposed  by  carbonic  acid  but  not 
by  water.  The  existence  of  such  unsaturated  functions  was  established  even 
in  soils  containing  as  high  as  6.6  per  cent  CaCOs.    From  these  experiments 

*  Authorized  for  publication  on  June  18,  1936,  as  Paper  No.  733  in  the  Journal  Series  of 
the  Pennsylvania  Agricultural  Experiment  Station. 
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.c  ^  o  11    17  n^  developed  a  method  for  the  rapid  characterization 
Clarens  (5,  6,  9,  U,  12, 13)  ^^^velopea  a  fj^nted  with  difficulties  in 

of  a  soil  which  the  writer  ^f  ^^  ^Xi.^^in\n.es^^^^^^^^  on  the 
the  interpretation  of  some  of  ^Y^'j'J'^^^^^gi^jn  ;„  apple  tree  cylinder 

ll,H£=SiSSES 

activities  (reaction  values)  (1,  3,  15,  24). 

The  constitution  of  the  feldspars,  kaolins,  and  clays 

experiments.  institution  of  the  silicates  of  aluminum  given 

clase  feldspar  (KjAljSieOw) 

OK 

/ 
Si— O 


o    o 


Si— O- 

1 

o 

I   / 

Si— o 

/ 1 

o    o 


-Al 
/ 


Si— O 

I       \ 
O 

I 

Si— O 

/  I 

0     o 


\ 


Al 


/ 


Si— O 


OK 

from  one  of  the  ortho-silicic  acids  (H.SiO.),  by  the  elimination  of  8  molecules 
of  water  from  6  molecules  of  H.SiO.  and  the  substitution  of  6  hydrogen  by  2 


aluminum  atoms  and  2  hydrogen  by  2  potassium  atoms;  and  the  constitution 
of  a  pure  kaolin  (H4Al2Si209) 


O 


(B)    HO— Si' 


O 


Al-OH     (A) 


O 

o 


, 


(B)     HO— Si  AlOH     (.4) 

\   / 
O 

from  orthoclase  feldspar  by  the  elimination  of  4  molecules  of  SiOj  and  2  of  K. 
In  accordance  with  current  concepts  of  the  constitution  of  clay;  namely,  that 
clays  are  compounds  of  a  series  of  alumino-silicic  acids  and  feldspars,  we  may 
ther  deduce  the  structural  formula  for  clay  as  typified  by  the  following  con- 
stitutional formulas: 

0=Si— OH     (C) 


O 


Si 


O 


o 


Al-OH    {A) 


O 


or  (9) 


O 

/  \ 
(B)     OH— Si  Al-OH     (A) 


O 


0=Si— OH    (C) 
I 

o 


Si=0 

O 

/  \ 
(5)     OH— Si  Al-OH     (A) 


O 


The  three  types  of  hydroxyl  groups  of  clays 

It  is  to  be  noted  that  the  hydroxyl  groups  marked  (C)  in  the  formula  for 
clay  are  not  present  in  kaolin.    Experimental  evidence  in  support  of  this  will 
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u      •        Ui.r     Since  these  OH  groups  denoted  by  (C)  are  attached  directly 
or  wholly  by  different  metals,  such  as  K,  Ca,  Mg. 


I 
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0=^i--OH  +  KCl  =  0=Si-OK  +  HCl 


and,  conversely, 


O 


.^i_K  +  HCl  =  O=Si-0H  +  KCl 


^iSyr;r-^=^ 

TeSor J  wTu  ;rss  1  ^s   fo^nou'^S^^^^  th^n  those  mar.^d  (CV 

S  bar'yla  tfe  neutralization  of  the  hydrogens  of  the  OH  groups  ma  ked  (5 
Tonly  pa'rtt^^  since  (vide  infra)  the  barium  salts  of  these  aad.c  fur.ctxor.s  are 

'IhfhloXoups  denoted  by  (A)  are  lir^ked  directly  to  Al,  an  electxo- 
poIL  dem  nt  with  basic  properties.  The  salts  obtained  by  the  subsUtution 
^rrrid  radicals  in  these  OH  groups  undergo  partial  hydrolysis  The  total 
:  ^alen"  t^^^^^^^^  -rked  (A)  can  be  obtained  only  when 

an  exceTs  of  acid  is  used.  When  treated  with  an  acid  the  amount  of  the  acid 
Xl  Led  serves  to  evaluate  the  number  of  these  hydroxyl  groups  sub- 
stituted  {vide  infra) 

il_OH  +  HCl  =  Al— CI  +  H^ 

I  I 

MATERIALS  AND  METHODS 

The  original  soil  and  also  soils  from  two  of  the  metal  ,f  ^^f/^^f  !=  Ij^^^^;"^ 
these  experiments.  The  soil  designated  as  the  "original"  ^d  is  th  -1  -  >t 
initial  State  before  being  introduced  into  the  cyhnders.  It  is  a  virgin  sou  oi 
trniemol^^^^^^^^  L  has  been  fully  described  in  an  earlier  publication 
2  V  Ihe  soils  designated  "NPK"  and  "check"  are  representative  of  the 
SpJo  sdls  taken  at  the  end  of  the  experiment  in  the  manner  already 
Sibed  (29)  from  the  surface  0-7  inches  of  the  NPK  treated  and  untreated 

cylinders  under  cultivation.  ^^        ,  n  :„  t^^  ^pries  of 

^o  l.gm.  portions  of  soil  (sieved  to  pass  a  100-mesh  screen)  ^^  tw^^^^^^^^^^^ 
tubes  (from  eight  to  ten  tubes  in  each  series)  were  added,  to  the  one  senes. 


increasing  quantities  of  0.1  N  HCl  and,  to  the  other,  increasing  amounts  of 
0.1  N  Ba(0H)2  in  the  following  manner:  To  one  tube  19  cc.  of  water  and  1  cc. 
0.1  N  HCl  (or  0.1  N  Ba(0H)2),  to  a  second  18  cc.  of  water  and  2  cc.  of  0.1  N 
HCl  (or  0.1  TV  Ba(0H)2),  and  so  on  for  eight  to  ten  tubes.  The  volume  of  the 
solution  in  each  tube  is  accordingly  20  cc.     Freshly  boiled  distilled  water  was 

TABLE  1 

Amounts  of  0.1  N  HCl  and  of  0.1  N  Ba{0H)2  remaining  in  solution  after  treatment  of  the 
"original**  soil  with  increasing  amounts  of  the  acid  and  base 


cc.  0.1  N  HCl 

cc.0.1iVBa(OH)j 

Added 

Remaining 
in  solution 

Fixed 

Added 

Remaining 
in  solution 

Fixed 

1 

2 

3 
< 

5 

6 
7 
8 
9 

10 

0.20 
1.05 
1.90 
2.75 
3.60 
4.55 
5.55 
6.55 
7.40 
8.30 

0.80 
0.95 
1.10 
1.25 
1.40 
1.45 
1.45 
1.45 
1.60 
1.70 

1 

2 
3 
4 
5 

6 

7 
8 

9 

10 

0 

0.30 

1.10 

1.90 

2.70 

3.65 

4.65 

5.65 

6.50 

7.35 

1.00 
1.65 
1.90 
2.10 
2.30 
2.35 
2.35 
2.35 
2.50 
2.65 

TABLE  2 

Amounts  of  0.1  N  HCl  and  of  0.1  N  Ba{OH)i  remaining  in  solution  after  treatment  of  the  check 

soil  with  increasing  amounts  of  the  acid  and  base 


CC.  0.1  N  HCl 

CC.  0.1  N  Ba(OH)j 

Added 

Remaining 
in  solution 

Fixed 

Added 

Remaining 
in  solution 

Fixed 

1 

10 

0.15 
0.85 
1.55 
2.50 
3.45 
4.35 
5.35 
6.10 
6.95 
7.80 

0.90 
1.20 
1.45 
1.50 
1.55 
1.65 
1.65 
1.90 
2.05 
2.20 

9 

10 

0 

0.25 

1.05 

1.90 

2.80 

3.75 

4.75 

5.60 

6.35 

7.15 

1.00 

1.75 
1.95 
2.10 
2.20 
2.25 
2.25 
2.40 
2.65 
2.85 

used.  After  leaving  the  soil  in  contact  with  the  reagent  for  18  hours,  the  tubes 
were  continuously  shaken  for  6  hours.  On  settling,  the  solutions  were  filtered 
with  suction  with  proper  precautions  in  the  case  of  Ba(0H)2,  and  the  number 
of  cubic  centimeters  of  0.1  N  HCl  remaining  in  an  aliquot  (10  cc.)  was  titrated 
with  methyl  orange  as  indicator  against  standard  alkali.    The  0.1  iV  Ba(0H)2 


i' 
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remaining  in  solution  was  titrated  witl>  phenolphthalein  as  indicator  against 
"Torta'i  the  significance  of  which  is  pointed  out  iater  in  this  paper,  the 

TABLE  3 

.          ,  MniNUClandofO.lN  BaiflU)^  remaining  in  solution  after  treatment  of  the  NPK 
Amounts  of  0.1  N  HCl  and  o^^^  ^^^^J^^  ,„„„„is^^he^cidand^ 


cc.  0.1  N  HCl 


Added 


Remaining 
in  solution 


Fixed 


cc.  O.l  N  Ba(0H)2 


Added 


Remaining 
in  solution 


1 

0 

2 

0.20 

3 

0.95 

4 

1  65 

5 

2.45 

6 

3.35 

7 

4.35 

8 

5.35 

9 

6.25 

10 

7.15 

TABLE  4 
Amounts  of  0.1  N  NaOH  required  to  satisfy  all  bases  remaining  ^r^^olutioniruluiing  M  and  Fe. 
after  treatment  of  tlie  soils  mth  increas.ng  amounts  of  0.1  N  HCl 

(Phenolphthalein  Utratior^ofboiUn^so^^^ 

~  NPK 


ORIGINAL 


i 


0.1  N  HCl 
added 


u. 


1 

2 

3 

4 
5 

6 

7 

8 

9 

10 


0.1  N  NaOH 
required  to  neu- 
tralize all  bases 

remaining  in 
solution 


CHECK 


cc. 

0.50 

1.50 

2.45 

3.50 

4.50 

5.55 

6.60 

7.60 

8.45 

9.35 


0.1  N  HCl 

added 


cc. 


1 

2 

3 

4 

5 

f 
10 


0.1  N  NaOH 
required  to  neu- 
tralize all  bases 

remaining  in 
solution 


0.1  N  NaOH 
required  to  neu- 
tralize all  bases 

remaining  in 
solution 


cc. 

0.50 

1.30 

2.15 

3.15 

4.10 

5.10 

6.10 

7.10 

8.00 

8.90 


titration  of  the  HCl  remaining  in  solution  is  made  ^-^^^  -^>^^;S  S 
the  cold.    The  solution  is  then  heated  to  boilmg,  and  after  the  addm«n  o 
a  few  drops  of  phenolphthalein  the  titration  is  continued  to  a  permanent  pink 

color. 
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The  results  are  given  in  tables  1  to  4  and  are  shown  graphically  in  figures 
1  to  3. 

The  ''neutralization"  portion  of  the  graphs  obtained  for  a  particular  soil 
consists  of  three  segments;  the  equilibrium  points  making  up  each  of  the  seg- 
ments lie  approximately  on  a  straight  line,  the  deviations  being  relatively  small. 
The  first  segment  is  horizontal  and,  therefore,  coincides  with  the  abscissa;  a 


OPIG/A/Al     SO/L 


Fig.  1.  The  "Original"  Soil  Treated  with  Solutions  of  0.1  AT  HCl  and  of  0.1  iV  Ba(OH)i 

second  segment  makes  an  angle  of  less  than  45^;  and  a  third  segment  has  an 
angle  the  tangent  of  which  is  approximately  unity,  indicating  saturation  at 
the  higher  concentrations. 

DISCUSSION   OF  RESULTS 

The  interpretation  of  the  graphs 

The  results  for  the  "originaP'  soil,  represented  in  figure  1,  are  described  in 
detail  to  illustrate  the  method  of  interpretation. 
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The  segment  OB,  In  the  "original"  soil  OB  is  equal  to  1.62.  This  indicates 
that  complete  fixation  of  the  baryta  added  has  occurred  up  to  a  concentration 
of  1.62  cc.  0.1  N  Ba(0H)2  per  gram  of  soil.  The  segment  OB  then  evaluates 
those  acidic  functions  the  barium  salts  of  which  are  not  hydrolyzed  by  water 
free  from  CO2  and  corresponds  to  the  unsaturated  part  of  the  hydroxyl  groups 
denoted  by  (C)  in  the  formula  for  clay  previously  given.  Even  in  soils 
containing  large  amounts  of  CaCOa,  the  segment  OB  will  not  be  zero  because 


CH£Cf<  SOU 


Fig.  2.  The  "Check"  Soil  Treated  with  Solutions  of  0.1  iV  HCl  and  of  0.1  ^'  Ba(OH)i 

of  the  presence  of  Ca(HC03)2  in  the  soil  solution.  OB  is  only  fully  saturated 
by  Ba(0H)2  or,  therefore,  by  Ca(0H)2  when  a  slight  excess  of  alkali  is  present. 
The  segment  BD.  After  the  replacement  (neutralization)  of  the  hydrogens 
represented  by  the  segment  OB,  there  still  exist  acidic  functions  the  barium 
salts  of  which  are  partially  hydrolyzed  by  water.  This  segment  BD  cor- 
responds to  those  hydroxyl  groups  marked  {B)  and  makes  an  angle — tan 
Dfid  =  0.82.  This  indicates  that  after  a  quantity  of  0.1  N  Ba(0H)2  equal 
to  OB  (1.62  cc.  per  gram  of  soil)  is  added,  the  fixation  of  this  base  is  only 
18  per  cent.    The  segment  BD  is  evaluated  thus:  Bd  -  Dd  =  3.40  -  2.70  = 


O 


0.70  cc.  0.1  N  Ba(0H)2  per  gram  of  soil.  The  point  d  represents  the  inter- 
section of  the  perpendicular  from  D  to  the  abscissa.  The  acid  functions  repre- 
sented by  BD  are  of  no  practical  importance,  since  the  complete  saturation  of 
these  groups  would  necessitate  such  an  excess  of  base  as  would  make  the  soil 
unfit  for  plants  to  thrive. 

The  segment  DF.  Commencing  at  D  the  third  segment,  DF,  makes  an  angle 
of  approximately  45"*  with  the  abscissa,  indicating  that  the  fixation  of  the  base 
along  this  segment  is  nil,  with  formation  of  barium  salts  corresponding  to  other 


/V^J<  SO/L 


I 


1 


T 1. 7 S J T 

CC.  0J/^Ba(OH)^  ADCeO 


fO 


Fig.  3.  The  "NPK"  Soil  Treated  with  Solutions  of  0.1  AT  HCl  and  of  0.1  AT  Ba(OH)i 

acidic  functions  having  no  affinity  for  Ba(0H)2.  Above  a  concentration  of 
8  cc.  0.1  iV  Ba(0H)2  the  curve  again  breaks  and  makes  with  the  abscissa  an 
angle  the  tangent  of  which  is  less  than  that  made  by  DF.  This  segment  FH 
has  no  bearing  in  these  experiments.  It  is  an  indication  of  the  instability  of 
the  clay  complex,  since  above  this  concentration  the  baryta,  instead  of  neutral- 
izing, reacted  with  some  of  the  components  of  the  clay. 

The  segment  OA.  In  the  "original"  soil  OA  is  equal  to  0.76  cc.  In  the 
absence  of  free  bases,  such  as  A1(0H)3,  Fe(0H)3,  CaCOs,  this  segment  would 
represent  the  number  of  cubic  centimeters  of  0.1  N  HCl  per  gram  of  soil  re- 
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quired  to  react  with  the  exchangeable  bases.    OA  then  represents  that  fraction 
of  the  hydroxyl  groups  marked  (C)  the  hydrogens  of  which  have  been  replaced 

by  metals. 

If  kaohn  is  substituted  for  soil  in  these  experiments  the  points  O,  A,  and  B 
almost  coincide  (9).  Even  when  digested  with  1.7  N  HCl  for  10  hours  in  a 
boiling  water  bath,  no  decrease  in  the  exchange  capacity  of  either  dickite  or 
kaolin  occurred  (15).  The  segment  AB,  therefore,  is  relatively  insignificant 
in  kaolin,  evidence  that  the  hydroxyl  groups  marked  (C)  have,  therefore,  no 
equivalent  in  kaolin.  The  remainder  of  the  graphs  for  kaolin  do  not  differ  from 
that  for  soils,  i.e.,  there  is  a  segment  AC  making  an  angle  of  less  than  45°  and 
a  third  segment  the  tangent  of  which  is  unity. 

Although  in  the  case  of  most  of  the  soils  examined  by  Clarens,  free  aluminum 
and  iron  hydroxides  were  absent,  this  is  not  the  case  with  the  Hagerstown 
soils  reported  here.  The  behavior  of  this  Hagerstown  clay  loam  to  very  low 
concentrations  of  HCl  (0.000182  M  to  0.00182  M)  is  intermediate  to  the 
behavior  of  kaolin  and  that  of  feldspar. 

Whereas  in  kaolin  the  segment  OA  is  insignificant,  in  feldspars  the  whole  of 
this  segment  OA  is  represented  by  Al  (9).  An  unmixed  feldspar,  examined 
by  the  writer,  treated  with  increasing  quantities  of  0.1  TV  HCl  titrated  against 
0.1  N  alkah,  using  as  indicators  methyl  orange  followed  by  phenolphthalein, 
as  described,  subsequently,  gave  OA  =  2.6  cc.  0.1  N  NaOH  per  gram  of  feldspar 
and  OA'  =  0.05.  AA',  therefore,  is  equal  to  2.55,  showing  that  practically 
all  of  the  exchangeable  bases  in  this  feldspar  are  represented  by  Al.  The  seg- 
ment OB  for  feldspar  was  found  to  be  0.15  and,  therefore,  practically  neg- 

hgible. 

It  is  evident  then  that  the  segment  OA  represents  the  exchangeable  bases 
only  if  the  soil  contains  no  free  bases  or  carbonates  that  may  react  with  the 
acid  employed.  In  the  soils  reported  here  the  carbonates  are  relatively  low 
(0.05  per  cent),  but  appreciable  quantities  of  "free"  aluminum  (and  iron)  are 
present.  The  fraction  of  the  segment  OA  to  be  assigned  to  AI2O3  and  Fe203 
is  represented  in  the  figures  by  AA'  and  can  be  obtained  by  titration  with  0.1 
N  NaOH  first  at  room  temperature  with  methyl  orange  as  indicator  followed 
by  titration  of  the  solution  raised  to  boiling  temperature  using  phenolphthalein 
as  indicator.  A  solution  of  AICI3  (or  FeCU)  neutral  to  methyl  orange  is  acid 
to  phenolphthalein.  In  titrating  with  0.1  N  NaOH  starting  from  the  point 
of  neutralization  with  methyl  orange,  the  phenolphthalein  turns  color  only 
when  all  the  aluminum  and  iron  are  precipitated  as  hydroxides.  The  differ- 
ence between  the  two  titration  values  with  these  indicators  gives  approxi- 
mately, therefore,  the  quantity  of  AKOHg)  (and  Fe(0H)3)  in  solution  in  the 
form  of  AICI3  (or  FeCU).  The  broken  Unes  (fig.  1-3)  and  table  4  give  the 
results  with  phenolphthalein  as  indicator. 

In  the  "original"  soil  AA'  =  0.26  cc.  gives  the  Al  (and  Fe)  replaced  per  gram 
of  soil.  The  exchangeable  bases  are  represented  by  OA'  =  0.50  cc.  0.1  N 
HCl  per  gram  of  soil.     In  order  to  determine  OA  in  calcareous  soils,  it  is  neces- 
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sary  to  ascertain  the  quantity  of  0.1  iV  acid  necessary  to  neutralize  the  calcium 
carbonate  in  1  gm.  of  soil.  This  quantity  is  then  subtracted  from  the  value 
obtained  for  the  segment  OA. 

The  segment  AC,  In  the  "original"  soil  the  second  segment  AC  makes  an 
angle  tan  cAC  =  0.84,  indicating  that  the  HCl  has  been  fixed  to  the  extent  of 
16  per  cent.  The  value  of  AC  is  given  by  Ac  -  Cc  =  0.7  cc.  0.1  N  HCl  per 
gram  of  soil,  where  c  is  the  perpendicular  from  C  on  to  the  abscissa. 

The  acidic  functions  represented  by  the  segment  AC  cannot  be  replaced  by 
Ba(0H)2.  This  has  been  repeatedly  established  (9)  by  treatment  of  soils 
which  have  previously  been  treated  with  increasing  quantities  of  0.1  N  HCl 
in  the  manner  already  indicated,  with  increasing  quantities  of  0.1  iV  Ba(0H)2 
in  amounts  more  than  sufficient  to  effect  complete  substitution  of  all  the 
hydrogen  atoms.  In  all  cases  the  hydrogen  replaced  by  barium  was  always 
expressed  by  the  value  of  the  segment  AB  before  the  initial  treatment  with 
HCl.  The  segment  AC  then  must  correspond  to  the  hydroxyl  groups  marked 
(A)  in  direct  attachment  with  Al.  Relative  to  the  origin  of  the  aluminum, 
Clarens  states  (10)^: 

This  aluminum  could  have  prevously  existed  in  the  free  state  or  even  have  come  from  new 
silicates,  which  may  either  have  remained  attached  to  the  rest  of  the  molecule,  so  that  spaces 
left  by  the  aluminum  might  be  filled  by  a  metal  of  some  sort,  or  have  been  carried  off  them- 
selves in  the  form  of  Si02.  The  importance  of  these  alternatives  to  the  fate  of  feldspar  that 
has  become  clay,  or  more  accurately  zeolite,  is  apparent. 

...  It  is  evident  that  the  feldspar  which  we  have  just  been  studying  will  not  be  transformed 
into  zeolitic  clay  by  the  usual  means  (replacement  of  the  alkaline  and  alkaline  earth  bases  by 
various  agents,  particularly  by  HjCOs).  It  is  the  aluminum  which  will  first  be  replaced, 
according  to  circumstances,  by  various  bases  which,  in  the  resulting  zeolitic  clay,  will  consti- 
tute the  replaceable  bases;  a  small,  usually  very  small,  amount  of  the  aluminum  may  perhaps 
remain  and  also  act  as  a  replaceable  base.  It  is  the  potassium  thus  fixed  that  is  called  the 
"assimilable"  potassium  of  the  clay. 

The  segment  CE,  A  third  segment,  CE,  making  an  angle  of  45°  indicates 
that  the  acid  functions  represented  are  saturated  and  that  no  further  fixation 

takes  place. 

On  the  addition  of  more  acid  the  curve  again  breaks  and  makes  an  angle  of 
less  than  45°.  Inasmuch  as  this  indicates  an  attack  on  the  clay  nucleus,  it  is 
of  no  interest  in  these  experiments. 

The  three  segments  of  importance  in  application.  The  most  important  seg- 
ments are  OA,  OB,  and  AC.  OA  evaluates,  in  the  absence  of  free  aluminum 
and  ferric  hydroxides  and  calcium  carbonate,  the  acidic  functions  actually 
saturated  by  the  so-called  "replaceable  bases";  OB  evaluates  free  acidic 
functions  the  barium  salts  of  which  are  not  hydrolyzed  by  water  free  from  CO2 
in  the  presence  of  a  slight  excess  of  base.  The  segment  AC  bears  the  same 
relation  to  acids,  in  particular  to  phosphoric  acid,  as  the  segment  BD  does  to 
bases.    This  fact  may  be  used  to  determine  the  amount  of  phosphoric  acid 

*  Translation  from  the  original  French. 
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necessary  to  satisfy  the  Al  and  Fe.  It  should  be  apparent  that  only  four 
points  are  required  to  obtain  all  three  segments. 

Application  to  the  determination  of  the  amount  of  phosphoric  acid  required  to 

satisfy  the  Al  and  Fe 

In  the  "original"  soil  the  angle  which  AC  makes  with  the  abscissa  (tan  = 
0.84)  indicates  (assuming  the  fertilizer  to  be  mixed  thoroughly  with  the  soil, 
which  is  never  the  case  in  practice)  that  if  less  than  0.84  cc.  0.1  iV  phosphoric 
acid  per  gram  of  soil  be  added  the  whole  of  the  phosphoric  acid  would  be  fixed, 
resulting  in  a  low  concentration  of  phosphorus  in  the  soil  solution  until  this 
"threshold  value''  is  exceeded. 

Calculated  as  P2O6,  the  threshold  value  for  the  "original"  soil  is  equal  to 

0.84  x  0.002358  x  585130  =  1159  gm.  P2O6 

where  0.002358  is  the  number  of  grams  of  P2O6  in  1  cc.  of  0.1  A^  acid  and  585130 
is  the  weight  of  the  soil  (in  grams)  in  the  0  to  7-inch  layer.  Eleven  hundred 
and  fifty-nine  grams  of  P2O6  is  then  required  to  saturate  the  segment  repre- 
sented by  AC  of  the  0  to  7-inch  layer  in  the  "original"  soil.  Calculated  to  an 
acre  basis  of  2,000,000  pounds  the  value  obtained  is  3957  pounds  P2O6,  which 
is  relatively  enormous.  In  practice,  the  phosphate  fertilizer  is  not  intimately 
mixed  with  the  whole  of  the  first  7  inches.  Under  field  conditions  the  diffusion 
of  phosphate  is  very  slow  and  frequently  extends  over  a  long  period,  thus 
allowiiig  portions  of  the  soil  to  be  in  contact  with  high  concentrations  of  phos- 
phate, and  for  this  fraction  the  limiting  value  above  is  passed. 

Application  to  determine  lime  requirement  of  soils 

Many  authorities  are  of  the  belief  that  there  has  been  no  satisfactory  lab- 
oratory method  developed  thus  far  that  can  with  certainty  be  substituted  for 
the  field-trial  method  for  the  determination  of  the  lime  requirements  of  soils. 
There  is,  however,  a  sound  theoretical  basis  for  the  determination  of  the  lime 
requirement  by  the  present  method. 

It  has  frequently  been  assumed  that  when  CaCOa  is  added  to  an  acid  soil 
the  chief  chemical  reaction  is  with  the  so-called  "replaceable"  hydrogen  ions 
of  the  exchange  complex,  i.e.,  the  hydrogen  ions  replaceable  by  the  base  of  a 
neutral  salt.  From  the  viewpoint  presented  it  would  not  be  logical  to  expect 
any  definite  relationship  between  the  replaceable  hydrogens  and  the  degree  of 
unsaturation  of  the  exchange  complex.  Consequently,  the  determination  of 
the  replaceable  hydrogen  would  not  be  a  measure  of  the  lime  requirements  of 
soils.  The  neutralization  of  replaceable  H  is  only  one  of  the  factors  involved 
in  liming.  Nor  would  it  be  in  accordance  with  the  concepts  presented,  to  use  as 
a  basis  for  the  lime  requirement  a  quantity  of  CaCOa  corresponding  to  the 
segment  OB,  for— because  of  the  presence  of  Ca(HC03)2  in  the  soil  solution 
(see  discussion  of  the  segment  OB) — this  segment  could  never  become  nil  even 
in  soils  in  which  large  amounts  of  CaCOa  has  persisted  for  many  years.    The 
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complete  saturation  of  the  segment  OB  can  take  place  only  in  the  presence  of 
a  slight  excess  of  the  hydroxide.  It  follows  that  the  amount  of  CaCOa  neces- 
sary for  neutralization  cannot  be  determined  by  shaking  the  soil  with  an 
excess  of  precipitated  CaCOa  and  then  determining  the  decrease  in  the  segment 
OB.  The  saturation  of  the  soil  is  very  slow  as  a  result  of  the  low  solubility  of 
CaCOa  even  in  the  presence  of  small  quantities  of  CO2. 

Clarens  (8)  has  pointed  out  that  if  a  soluble  salt  of  calcium  such  as  CaS04 
or  CaCl2  be  added  also  with  the  CaCOa,  the  segment  OB  is  markedly  reduced 
and  the  reduction  is  independent  within  certain  limits  of  the  concentration 
(0.1  to  0.05  N)  of  the  solution  used.  The  reduction  in  the  amount  of  OB  then 
gives  the  quantity  of  CaCOa  necessary  for  the  effective  saturation  of  the  soil 
considered. 

The  experiments  are  conducted  in  the  same  manner  as  previously  described. 
Five  1-gm.  portions  of  soil  are  shaken  up  with  0.1  gm.  of  precipitated  CaCOa 
and  20  cc.  of  a  saturated  solution  of  CaS04.  The  solutions  are  filtered  with 
suction,  and  the  soil  is  transferred  to  test  tubes.  To  the  first  are  added  19  cc. 
of  water  and  1  cc.  0.1  iV  Ba(0H)2,  to  the  second  18  cc.  water  and  2  cc.  0.1  iV 
Ba(0H)2,  etc.  The  tubes  are  allowed  to  stand  18  hours,  then  shaken  con- 
tinuously for  6  hours,  and  then  titrated  in  the  usual  manner  against  0.1  iV 
HCl  and  the  new  segment  OB  is  determined.  The  "original"  soil  treated  in 
this  way  gave  OB  =  1.10  as  against  1.62  before  treatment.  Therefore,  the 
saturation  of  the  segment  due  to  CaCOa  +  CaS04  is  1.62  —  1.10  =  0.52  cc. 

If  the  CaCOa  is  omitted  and  20  cc.  of  a  saturated  solution  of  CaS04  only  is 
used,  the  new  segment  OB  is  slightly  greater  than  in  the  presence  of  CaCOa 
(0.59  as  against  0.52).  This  shows  that  the  CaCOa  has  caused  a  progression  of 
0  toward  A  of  only  0.07.  The  conclusion  must,  therefore,  be  drawn  that  the 
saturation  of  the  soil  was  due  almost  completely  to  the  soluble  salt  of  Ca,  even 
when  CaCOa  is  also  present  with  the  soluble  salt  (8). 

This  would  explain  why  some  investigators  have  found  that  when  either 
Ca(0H)2  or  CaCOa  is  incorporated  in  one  layer  of  soil  (32)  or  applied  as  a 
top-dressing  (16)  the  neutralizing  effect  is  almost  nil  on  the  adjacent  layers. 

Application  to  determine  the  existence  of  different  states  of  availability  of  the 

replaceable  potassium 

Of  the  many  methods  which  have  been  proposed  to  determine  the  availability 
of  soil  potassium  the  determination  of  the  replaceable  form  is  the  most  rational 
and  is  the  one  generally  favored.  But  it  has  already  been  shown  (19)  that 
broad  generalizations  based  on  the  method  are  not  possible.  An  additional 
limitation  is  imposed  on  the  concept  of  the  identification  of  the  exchangeable 
potassium  with  the  available  potassium  if  the  exchangeable  potassium  can 
possess  different  degrees  of  availability  according  to  its  position  in  the  clay 

nucleus  (7). 

Reasoning  a  priori  would  lead  one  to  expect  that  an  exchangeable  base  such 
as  potassium  would  not  occupy  the  same  position  in  the  crystal  lattice  of  the 
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clay  nucleus;  and  within  the  past  few  years  experimental  evidence  has  been 
brought  to  support  this  premise  (4,  22,  23).  It  would  follow,  therefore,  that 
the  replaceable  potassium  should  exist  in  different  degrees  of  availability  to  the 
plant.  If  this  is  the  case  then  the  processes  of  mobilization  in  which  the  soil 
potassium  is  rendered  available  would  be  discontinuous  and  would  be  reflected 
by  broken  solubility  curves. 

The  "originar*  surface  soil  has  been  investigated  from  this  point  of  view  in 
the  following  manner:  200-gm.  portions  of  the  "original"  air-dry  soil  contained 
in  1000-cc.  shaking  flasks  were  treated  with  increasing  amounts  of  0.1  iV  HCl. 
To  the  first  flask  were  added  975  cc.  of  distilled  water  and  25  cc.  0.1  iV  HCl;  to 
the  second,  950  cc.  water  and  50  cc.  0.1  N  HCl;  to  the  third,  925  cc.  of  water 
and  75  cc.  0.1  N  HCl;  and  to  the  fourth,  900  cc.  of  water  and  100  cc.  0.1  A^  HCl. 
The  soils  were  then  left  in  contact  for  18  hours  and  then  shaken  continuously 
for  6  hours.    Potassium  was  determined  in  an  aliquot. 

As  shown  in  table  4,  the  replaceable  bases  of  this  "original"  soil  are  equiv- 
alent to  0.50  cc.  0.1  iV  HCl  per  gram  of  soil.    The  amounts  of  HCl  added  to  the 

TABLE  5 

Quantities  of  potassium  liberated  from  the  original  soil  by  treatment  with  dilute  solutions  of  HCl 
sufficient  to  satisfy  25,  50,  75,  and  100  per  cent,  respectively,  of  the  replaceable  bases 


0.1  N  HCl  ADDED 

AMOUNT  KiO  DISSOLVED 

0.1  N  HCl  EQUIVALENT 

CC. 

p.p.m.* 

U, 

25 

40 

1.69 

50 

42 

1.79 

75 

95 

2.00 

100 

87 

1.89 

*  Dry  soil. 

flasks  in  this  experiment  accordingly  were  equivalent  to  one-fourth,  one-half, 
three-fourths,  and  the  whole  of  the  replaceable  bases,  respectively.  The  results 
are  given  in  table  5. 

These  results  indicate  that,  within  the  range  of  concentration  of  HCl  used, 
the  solubility  curve  for  the  replaceable  potassium  is  a  discontinuous  one. 

Application  to  determine  the  changes  produced  by  cultivation  and  fertilizer 

dressings 

Although  the  aforementioned  problems  comprise  the  principal  uses  to  which 
the  method  is  adapted,  it  is  of  interest  to  ascertain  what  changes  the  method 
reveals  in  the  properties  of  the  initial  condition  of  the  soil  at  the  end  of  the 
experimental  period  of  7  years.  After  introduction  into  the  cylinders,  both 
check  and  NPK  soils  were  green  manured  each  year  with  rye.  The  check  soil 
received  no  mineral  salts.  The  NPK  soil  received,  during  the  whole  experi- 
mental period  of  7  years,  total  C.  P.  salt  additions  as  follows:  465.5  gm.  N, 
1052.8  gm.  P2O6,  1898  gm.  K2O — equivalent  respectively  to  1591  pounds  N, 
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3598  pounds  PaOs,  1898  pounds  K2O  per  acre  7  inches  of  2,000,000  pounds. 
The  precipitation  during  the  whole  experimental  period  was  260  inches,  of 
which  96  inches  fell  during  the  experimental  period  in  which  the  soil  received 
mineral  salts.  All  three  soils  are  low  in  humus  material.  In  spite  of  the  green 
manuring,  the  humus  material  in  the  check  and  NPK  soils  was  still  relatively 
low,  viz.,  <1.5  per  cent. 

The  summarized  results  of  the  analytical  data  for  the  "original"  soil  and 
also  for  the  check  and  NPK  soils  are  given  in  table  6. 

The  divergences  in  the  results  of  the  check  soil  from  the  **originar'  soil  are 
an  indication  of  the  joint  effects  of  the  growth  of  the  trees  and  of  the  humus 
material  from  the  green  manures  together*  with  the  climatic  factors.  The 
degree  of  unsaturation  as  represented  by  the  segment  OB  has  increased  the 
equivalent  of  0.06  cc.  0.1  iV  Ba(0H)2  per  gram  of  soil.    The  replaceable  bases 


TABLE  6 

Comparative  data  for  the  original  soil,  the  check,  and  NPK  cylinders 


SOIL 

SEGICENT 
OA 

SEGMENT 
OA' 

SEGMENT 
AA' 

SEGMENT 

OB 

TAN 

<  CAc 

TAN 

<dBD 

Original 

0.76 
0.80 
0.85 

0.50 
0.45 
0.43 

0.26 
0.35 
0.42 

1.62 
1.68 
1.73 

0.84 
0.72 
0.60 

0.82 

Check 

0.79 

NPK 

0.73 

OA  =  Acid  functions  saturated  by  bases  including  free  Fe  and  Al  expressed  in  terms  of 
cubic  centimeters  of  0.1  iV  HCl  per  gram  of  soil. 

OA'  =»  Acid  functions  saturated  by  the  so-called  "replaceable  bases"  expressed  in  terms  of 
cubic  centimeters  of  0.1  iV  HCl  per  gram  of  soil. 

AA'  or  OA  —  OA'  =  "Free"  Al(OH)i  andFe(0H)8  expressed  in  terms  of  cubic  centimeters 
oiQAN  HCl  per  gram  of  soil. 

OB  =  Unsaturated  acidic  functions  the  Ba  salts  of  which  are  not  hydrolyzed  by  water 
free  from  COt  in  the  presence  of  a  slight  excess  of  base.  Expressed  in  terms  of  cubic  centi- 
meters of  0.1  iV^  Ba(OH)i  per  gram  of  soil. 

in  the  check  soil  have  been  reduced  by  the  equivalent  of  0.05  cc.  0.1  iV  HCl 
per  gram  of  soil,  whereas  the  "free"  aluminum  and  iron  have  been  increased 
by  0.09  cc.  0.1  iV  HCl  per  gram  of  soil.  A  decrease  in  the  tangent  of  the  angle 
CAc  from  0.84  to  0.72  has  occurred,  which  indicates  an  increment  from  a 
saturation  of  16  per  cent  to  a  saturation  of  28  per  cent  in  the  hydroxy  1  groups 
marked  (^4).  The  most  rational  explanation  would  appear  to  be  that  this 
increase  is  the  result  of  the  "deactivating''  properties  of  humic  acids  (30). 

The  values  for  the  NPK  soil  differ  more  widely  from  the  corresponding  values 
for  the  "original''  soil  than  do  those  of  the  check  soil.  Particularly  to  be  noted 
is  the  increase  of  the  segment  OB  equivalent  to  0.11  cc.  0.1  iV  Ba(0H)2  per 
gram  of  soil;  the  decrease  equivalent  to  0.07  cc.  0.1  N  HCl  per  gram  of  soil 
in  the  replaceable  bases;  and  the  relatively  large  increase  equivalent  to  0.16 
cc.  0.1  N  HCl  per  gram  of  soil  in  the  "free"  aluminum  and  iron  hydroxides. 
The  decrease  in  the  tangent  of  the  angle  CAc  is  equivalent  to  0.24,  indicating 
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an  increase  of  24  per  cent  in  the  saturation  of  the  hydroxyl  groups  marked  (A) 
and  representing  the  net  effect  of  the  deactivating  properties  of  humic  acids 
and  the  phosphate  additions.  In  laboratory  studies,  Clarens  (5)  has  reached 
the  conclusion  that  salts  of  K,  Na,  NH4,  and  Ca  do  not  sensibly  modify  the 
unsaturated  acid  functions.  The  present  experiment  indicates  that  the  re- 
sultant effect  of  the  NaNOs,  K2SO4,  and  CaH4(P04)2  added  as  fertilizers  upon 
the  segments  OA,  AA',  and  OB  is  similar  in  magnitude  and  direction  to  that 
produced  by  the  green  manuring  alone.  Moreover,  it  is  a  noteworthy  fact 
that  the  salt  additions  have  not  caused  any  increase  in  the  segment  OA'  but, 
on  the  contrary,  have  diminished  it  slightly.  It  is  the  segment  AA'  that  has 
increased  evidently  at  the  expense  of  the  so-called  "replaceable  bases." 

SUMMARY 

By  the  treatment  of  a  soil  with  increasing  amounts  of  solutions  of  hydro- 
chloric acid  and  also  of  barium  hydroxide  in  low  concentrations,  differences 
in  specific  properties  of  the  three  types  of  hydroxyl  groups  of  clays  may  be 
used  as  a  means  for  the  rapid  characterization  of  a  soil  with  respect  to  the 
degree  of  unsaturation,  the  total  replaceable  bases,  the  "free"  aluminum  and 
iron  hydroxides,  the  phosphoric  acid  required  to  satisfy  the  Al  and  Fe,  the 
lime  requirement,  the  availabihty  of  the  different  states  of  the  replaceable 
potassium,  and  the  changes  produced  by  cultivation  and  fertilizer  treatment. 
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THE  DISTRIBUTION  AND  CONDITION  OF  THE  POTAS- 
SIUM IN  A  DIFFERENTIALLY  FERTILIZED  HAGERS- 
TOWN  CLAY  LOAM  SOIL  PLANTED  TO  APPLE  TREES 
IN  CYLINDERS^ 

By  Walter  Thomas 

Professor  of  phytochemistry ^  Pennsylvania  Agricultural  Experiment  Station 

INTRODUCTION 

In  an  earlier  paper  {19)  ^  the  writer  reported  the  utilization  and 
recovery  of  nitrogen,  phosphorus,  and  potassium  by  apple  trees  grown 
in  metal  cylinders  for  a  period  of  6K  years.     These  trees  received 
(each  spring)  during  the  last  3  years  of  growth  different  combinations 
of  the  pure  salts  sodium  nitrate,  monocalcium  phosphate,  and  po- 
tassium sulphate.    The  ratio  in  which  nitrogen  (N),  phosphoric  acid 
(P2O5),  and  potash  (K2O)  were  absorbed  from  the  added  salts  by  the 
trees  which  gave  optimum  growth  and  reproduction,  viz,  those  grow- 
ing in  the  NPK-  and  NP-treated  cylinders,  was  3.0:0.3:1.5,  whereas 
the  ratio  in  which  these  same  fertilizer  entities  were  applied  was  3:8:4. 
This  latter  ratio  is  based  on  current  orchard  practice.    Because  of  the 
great  divergence  in  these  ratios  studies  were  made  to  determine  the 
distribution  and  condition  of  the  nitrogen,  phosphorus,  and  potassium 
in  the  soil  at  the  end  of  the  experiment.    The  results  as  they  relate  to 
nitrogen  and  phosphorus  have  already  been  reported  (^0,  21).    The 
corresponding  studies  were  made  to  determine  the  distribution  and 
condition  of  the  nitrogen,  phosphorus,  and  potassium  in  the  soil  at 
the  end  of  the  experiment.    The  results  as  they  relate  to  nitrogen  and 
phosphorus  have  already  been  reported  {20,  21).    The  corresponding 
data  for  potassium  are  given  in  the  present  paper. 

Although  both  phosphorus  and  potassium  are  ''fixed'/  by  soils,  the 
solubiUty  relations  of  these  elements  are  markedly  different.  Tht 
phosphorus  concentration  of  the  soil  solution  of  a  particular  soil  varies 
over  a  relatively  small  range,  whereas  that  of  potassium  fluctuates 
over  a  wide  range  even  when  the  soil  neither  receives  appUcations  of 
potassium  salts  nor  suffers  loss  by  leaching  or  removal  by  the  plant. 
In  this  paper  all  results  have  been  calculated  to  and  reported  as 
the  oxide  K2O,  commonly  designated  potash.  Occasionally,  in  the 
text  reference  is  made  to  the  element  potassium  where  the  use  of 
the  ionic  form  appears  to  be  the  more  suitable.  The  reader,  however, 
should  keep  in  mind  that  all  values  given  in  the  tables  are  expressed 

as  the  oxide  K2O. 

METHODS 

THE  FIELD  PLAN 

Since  a  detailed  plan  of  this  experiment  has  already  been  presented 
(1  20  21)  only  an  outline  of  the  procedure  will  be  given  here.  A 
virgin' soil  y^)  of  Trenton  formation,  formed  by  the  weathenng  of 

1  Received  for  publication  Feb.  6.  1936;  issued  November  1936.    Paper  no.  736  of  the  Journal  series  of  the 
Pennsylvania  Agricultural  Experiment  Station^ 
»  Reference  is  made  by  number  (italic)  to  Literature  Cued,  p.  546. 
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limestone,  was  used.  This  soil  is  designated  throughout  as  the 
'Winal''  soil,  and  represents  the  condition  of  the  soil  before  the 
exneriment  began.  The  method  of  excavation,  the  preparation  and 
mSrof  each  horizon,  and  the  filling  of  the  cylinders  have  been 
described  in  detail  {18,  20)  and  also  the  method  of  sampling  the  soil 
before  and  after  the  experiment  {21).  •!         .i        •     j 

The  sources  of  the  potassium  in  this  Hagerstown  soil  are  the  mixed 
feldspars,  micas,  and  tourmalines.  The  silt  fraction  contains  a  pre- 
ponderance of  liiicrocline  with  some  quartz;  whereas  the  fine  sand 
fo  1  to  0  5  mm)  consists  of  50  percent  of  mixed  feldspars  and  35  per- 
cent of  quartz.  Orthoclase  is  present  in  very  small  amounts  and  is 
highly  kaoUnized.    No  fresh  unaltered  samples  of  orthoclase  exist  m 

*^Fo? the  first  2  years  after  the  trees  were  planted  the  culture  system 
was  uniform  in  all  cylinders.  It  consisted  of  green  manuring  with 
KckrhSnd  rye  principally.  Commencing  with  the  third  year  the 
system  was  differentiated  as  follows:  Half  of  the  cyhnders  were  kept 
undTa  system  of  clean  cultivation.  These  cylinders  are  designated 
-cylinders  under  cultivation."  Half  the  cylinders  were  seeded  with 
a  mixture  of  bluegrass  and  timothy.  These  cy  mders  are  designated 
"cySers  under  sod."  The  schedule  of  applications  of  potassium 
sulphate  is  given  in  table  1 . 

Table   \.— Schedule  of  potassium  sulphate  applications   with  potash  equivalent 


Date  applied 


Apr.  18,  1925- 
May  3,  1926.. 
June?,  1926- . 
May  5,  1927.. 
May  18.  1927. 


Total. 


K2O  equiv- 
alent 


Qrams 

158. 45 

79.49 

79.49 

158.45 

79.49 

555. 37 


The  total  amount  of  potash  added  in  the  fertihzer  during  the  whole 
period  of  the  experiment  was,  as  indicated  above,  555.4  g.  in 
addition,  25  g  of  potash  was  added  in  the  form  of  cover  crops  of  ail 
cylinders  up  to  the  period  of  differentiation  referred  to  m  the  last 
paragraph.  An  additional  15  g  of  potash  was  added  after  this  period, 
but  to  the  cylinders  under  cultivation  only.  The  purpose  in  making 
these  relatively  large  applications  of  fertilizers  was  to  saturate  the 
fixing  capacity  of  the  0-  to  7-inch  layer  of  the  original  virgin  soil 
with  respect  to  phosphoric  acid.  The  amounts  of  nitrogen  and 
potash  appHed  were  porportionally  increased  so  as  to  maintain  tiie 

ratio  3:8:   .  laboratory  experiments 

The  method  of  approach  in  determining  the  condition  of  the 
potassium  was  to  find,  in  addition  to  the  total  potassium,  the  amounts 
removed  by  continuous  leaching  with  three  solvents,  namely,  U) 
freshly  boiled  distilled  water,  (2)  M/2  ammonium  acetate,  and  W 
0  2  N  nitric  acid.  A  few  experiments  were  also  carried  out  witn 
llpercent  citric  acid,  but  these  experiments  are  not  recorded  masmucli 
as  no  additional  information  was  obtained  by  this  reagent. 
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The  total  potash  (K2O)  was  determined  in  the  three  horizons  of 
all  soils  by  the  J.  Lawrence  Smith  method  (22)^  a  0.5  g  charge  of 
finely  pulverized  soil  being  used.  The  detailed  results  for  total 
potash  are  not  recorded  for  reasons  which  will  be  apparent  later 

(p.  538). 

The  continuous  leaching  experiments  were  conducted  on  10  g 
charges  of  soil  in  the  same  manner  and  with  the  same  apparatus  that 
was  described  and  illustrated  in  a  preceding  paper  (21).^  The  tem- 
perature of  the  laboratory  during  the  experiments  varied  between 
75°  and  85°  F.  Preliminary  experiments  showed  that  the  increase 
in  the  amounts  of  potash  extracted  per  2°  rise  in  temperature  was 
equivalent  to  0.9  percent  of  that  extracted  at  75°.  This  is  relatively 
a  negligible  increase.  The  rate  of  percolation  was  approximately  1 
drop  in  90  seconds. 

The  potash  content  of  the  leachates  was  determined  by  three 
methods.  When  the  amounts  were  sufficiently  large  for  gravimetric 
procedure  the  potassium  was  precipitated  and  weighed  as  the  chloro- 
platinate  (2)  after  the  removal  of  silica,  iron,  alumina,  calcium,  and 
barium.  When,  however,  the  amount  of  potassium  extracted  reached 
values  below  1  mg  in  200  cc  of  the  extract,  recourse  was  had  to  the 
sodium  cob altinit rite  method  as  devised  by  Drushel  (7,  8\  and 
modified  by  Morris  (14).  Further  improvements  have  been  intro- 
duced by  Hibbard  (H). 

The  determinations  of  such  extremely  low  values  of  magnitude 
as  were  given  in  all  the  extracts  with  distilled  water  and  with  ammo- 
nium acetate  after  the  first  leachate  were  carried  out  by  the  colon- 
metric  method  of  Schreiner  and  Failyer  {17,  pp.  31-33), 

Difficulty  has  been  experienced  by  some  investigators  with  the 
platinic  chloride  method,  especially  on  the  extracts  from  ammonium 
salts,  which  are  usually  very  high  in  calcium  When  this  method  is 
used  it  is  necessary  for  the  analyst  to  assure  himself  of  the  complete 
removal  of  all  traces  of  calcium  before  proceedmg  to  the  precipitation 
of  the  mixed  chloroplatinates.  This  may  be  accomplished  by  treat- 
ins  the  sirupy  mixed  chloroplatinates  with  15  to  20  cc  of  a  solution 
of  acidified  alcohol.  The  acidified  alcohol  is  prepared  by  passing 
washed  hydrochloric  acid  gas  into  commercial  95-percent  alcohol 
until  the  solution  is  two  to  three  times  normal  in  strength.  Ihe 
usual  procedure  is  then  followed  {2). 

EXPERIMENTAL  DATA 

The  total  potash  (K^O)  content  of  the  three  horizons  of  the  origi- 
nal check  NPK,  NK,  and  PK  soils  was  found  to  range  between 
certaSmaximal  and  minimal  values  shown  in  the  foUowmg  tabulation: 

Horizon  ^«^^^  '^  ^'^'  P'^"'^' 

.,    ,^  ^    ^  .     ,     X  _.  3.  919  to  4.  007 

Surface  soils  (0  to  7  inches)         ^  ^^^  ^    ^  205 

Subsurface  soils  (7  to  21  inches) •  ^^^  ^    ^  ^^q 

Subsoils  (21  to  53  inches) —  ^- ^"^  ^«  *•/*  " 

The  probable  error  of  analyses  may  be  gaged  from  10  determma- 
tions  mS  on  the  original  surface  soil  before  the  experiment  began. 

'"'^Tri'^^^^^^^^^^  experiments  with  water,  M/2  ammo- 

nium acetate,  and  0.2  N  nitric  acid  are  given  m  table  2. 
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ANALYSIS  AND  DISCUSSION  OF  RESULTS 

DOWNWARD  MOVEMENT  OF  POTASSIUM 

As  Determined  From  Data  for  Total  K2O 

The  error  involved  in  the  determination  of  total  potash,  although 
relatively  small,  is  absolutely  large  when  multiplied  by  the  weights  of 
the  soil  in  each  horizon,  viz,  surface  1,290  pounds,  subsurface  2,600 
pounds,  and  subsoil  5,930  pounds.  When  the  data  for  the  total  potash 
from  each  horizon  w^ere  analyzed  it  was  found  that  the  error  of  analysis 
was  too  great  to  permit  conclusions  to  be  drawn  with  respect  to  the 
movement  of  potassium  applied  as  fertihzer. 

As  Determined  From  Percolation  Data 

More  accurate  information  should  be  obtained  from  extraction  or 
percolation  data.  The  amount  of  potassium  which  has  moved  from 
one  horizon  to  another  can  be  obtained  by  the  difference  between  the 
amounts  removed  bv  the  respective  solvents  from  correspondmg 
horizons  of  treated  and  check  cyhnders.  The  data  so  obtamed  are 
show^n  in  table  3. 

Table  3  —Increase  in  the  amounts  of  KoO  removed  in  3  leachings  by  distilled  water ^ 
MI2  ammonium  acetate,  and  0.2  N  nitric  acid  from  the  NPK  and  PK  cylinders 
above  that  of  the  corresponding  horizons  of  the  check  cylinders 


Description  of  soil 


Distilled 
water 


NPK  (sod): 

0-7  inches 

7-21  inches 

21-53  inches 

NPK  (cultivation): 

0-7  inches 

7-21  inches 

21-53  inches 

PK  (sod): 

0-7  mches 

7-21  inches 

21-53  inches- -- 

PK  (cultivation): 

0-7  inches 

7-21  inches 

21-53  inches.-- 


M/2  ammo- 
nium ace- 
tate 


0.2  N  nitric 
acid 


Grams 

113 

77 

6 

120 
75 

-  >  1 

98 

76 

3 

98 
77 

-  >6 


Orams 
144 
108 
-  »5 

139 

127 

•       9 


Gravis 


277 

138 

56 

262 

136 

63 


160 
96 
17 

172 

139 

61 

147 
117 

-•8 

180 

174 

60 

I  Decrease. 


The  progressive  increases  in  these  values  (table  3)  as  one  proceeds 
from  the  distilled  water,  M/2  ammonium  acetate,  and  0.2  N  nitric 
acid  extracts  in  the  7-  to  21-inch  and  21-  to  53-inch  horizons  of  the 
respective  treatments  indicate  the  condition  with  respect  to  solubiUty, 
in  each  solvent,  of  the  applied  potassium  sulphate  that  has  inoved 
dow^nward.  The  quantities  of  potassium  that  have  so  moved  are 
expressed  as  a  percentage  of  the  residual  apphed  potash  in  table  4. 
The  residual  amounts  can  be  calculated  from  the  known  amounts  ot 
potash  applied  and  that  absorbed  by  the  trees  (19). 

The  subsurface  data  show  that  amounts  ranging  from  14.1  to  15.^ 
percent  of  the  portion  of  the  residual  applied  potash  which  has  moved 
into  the  7-  to  21 -inch  layer  are  soluble  in  water;  that  amounts  ranging 
from  17.9  to  26.4  percent  are  removed  by  M/2  ammonium  acetate 
and  27.1  to  32.1  percent  by  0.2  N  nitric  acid. 
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Table  4. — Fraction  of  the  applied  potash  found  in  the  different  leachates  from  the 
subsurface  and  subsoil  horizons  expressed  as  a  percentage  of  the  residual  applied 
potash 


Horizon  and  treatment 


Subsurface: 

NPK  (sod) 

NPK  (culti\ation)- 

PK  (sod) 

PK  (cultivation)... 
Subsoil: 

NPK  (sod) 

NPK  (cultivation). 

PK(sod).. - 

PK  (cultivation).-. 


Distilled 
H2O 


Percent 
15.1 
15.3 
14.1 
14.2 

L2 


m;2 

NH4.C2H30a 


0.2  N  HNO3 


Percent 
21.0 
26.4 
17.9 
2L6 


1.9 
3.2 


Percent 

27.1 
28.3 
25.5 
32.1 

11.0 
11.0 
11.4 
11.0 


The  subsoil  data  are  more  difficult  to  interpret.  The  percentages 
of  the  residual  potash  removed  by  distilled  water  and  M/2  ammonium 
acetate  probably  lie  within  the  limits  of  error  of  the  experiment. 
The  high  results  for  the  amounts  removed  by  0.2  N  nitric  acid  there- 
fore may  not  indicate  a  downward  movement  into  this  horizon,  but 
may  be  a  reflection  of  the  increased  solubility  in  this  solvent  of  the 
native  soil  potash  as  the  result  of  the  effect  of  the  far  greater  root 
systems  in  the  treated  cylinders. 

CONDITION  OF  THE  POTASSIUM 

The  Water-Soluble  Potassium 

Since  distilled  water  will  remove  the  salts  that  have  not  been 
adsorbed  by  the  clay  and  humus  complexes  of  the  soil,  leaching  with 
this  solvent  in  in  effect  similar  to  that  of  leaching  with  an  electrolyte. 
Bronsted's  investigations  (4,  5)  indicate  the  character  of  solubility 
changes  in  the  presence  of  electrolytes.  1     •     ,     1  •  1    •       u    t 

The  concentration  of  potassium,  which  is  relatively  high  in  aU  ol 
the  first  percolates  with  distilled  water,  rapidly  falls  in  the  second 
extracts,  and  the  decrease  is  then  more  gradual  as  the  electrolytes  ot 
the  soil  solution  are  removed.  This  gradual  removal  of  electrolytes 
explains  why  the  fraction  of  the  so-called  exchangeable  potassium 
(p;  —  and  table  5)  removed  by  distilled  water  prior  to  the  establish- 
ment of  a  constant  concentration  is  so  large. 

Table  5.— The  quantities  of  so-called  exchangeable  potash  removed  in  the  first 

3  leachings  with  distilled  water 


Description  of  soil 


Surface 

Subsurface. 
Subsoil 


Original 
soil 


Percent 
64.8 
32.2 
20.4 


Check 


Sod 


Percent 
45.9 
29.3 
19.9 


Cultiva- 
tion 


NPK 


Sod 


Percent 
50.1 
31.7 
23.0 


Percent 
65.5 
42.8 
22.3 


Cultiva- 
tion 


Percent 
71.5 
42.0 
22.2 


PK 


Sod 


Percent 
55.8 
43.8 
20.9 


Cultiva- 
tion 


Percent 
59.3 
43.9 

20.8 


The  results  show  how  impossible  it  is  to  determine  the  real  quan- 
tities of  water-soluble  and  exchangeable  potassium.  The  water- 
soluble  potassium  must  necessarily  contain  a  9e?;taii^ /'"^"'!*  ^* 
exchangeable  potassium,  because  tlie  leachmg  with  water  of  these 
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soils  containing  relatively  large  amounts  (p.  534)  of  applied  potassium 
sulphate  is  in  fact  equivalent  to  leaching  with  a  dilute  solution  of  a 
neutral  salt— in  this  case  potassium  sulphate— containing  no  ion  m 
common  with  the  salt  used  to  determine  the  replaceable  potash,  viz, 
ammonium  acetate.  This  phenomenon  is  further  discussed  in  the 
next  two  sections  from  the  point  of  view  of  the  more  general  aspect 
of  soil  problems.  Moreover,  the  ammonium  acetate  leachates  will 
necessarily  contain  the  water-soluble  potash.  It  is,  therefore,  obvious 
that    the    ^'replaceable''    potash   cannot   be   definitely    and    exactly 

determined. 

The  very  large  percentages  of  the  so-called  exchangeable  potash 
removed  by  water  in  these  experiments  is  consequently  explicable. 
Thus,  from  46  to  50  percent  of  the  so-called  exchangeable  potassium 
(p.  541)  is  removed  by  distilled  water  in  the  first  three  extracts  from 
the  surface  soil  of  the  check  cylinders  and  from  65  to  71  percent  from 
the  NPK  cylinders.  Even  in  the  surface  layer  of  the  original  soil 
65  percent  of  the  exchangeable  potassium  is  removed  by  water  in 
the  first  three  extracts.  In  the  lowest  horizons  the  fraction  of  the 
exchangeable  potassium  removed  in  the  first  three  extracts  is  reduced 
to  approximately  20  percent. 

In  the  check  and  all  treated  cylinders  the  concentration  of  potas- 
sium in  the  eighth  and  succeeding  leachates  with  distilled  water  is 
reduced  to  approximately  10  parts  per  million  of  the  dry  weight  of  the 
soil.  In  the  original  soil  the  concentration  tends  toward  a  relatively 
constant  level  of  about  5  parts  per  million  as  leaching  is  continued. 
These  differences  in  the  constant  level  reached  by  the  original  soil  and 
in  the  soils  in  the  cylinders  at  the  end  of  the  experiment  are  significant. 
The  stage  reached  by  reduction  to  the  constant  level  is  indicative  of 
the  existence  of  a  potassium  combination  of  such  low  solubility  that 
the  amount  going  into  solution  at  each  extraction  is  independent  of 
the  mass  present  in  the  soil.  The  influences  to  which  both  the  check 
and  treated  cylinders  have  been  subjected,  therefore,  have  resulted 
m  an  alteration  in  the  character  of  this  insoluble  potassium  combina- 
tion in  the  direction  of  increasing  solubility. 

The  question  may  now  be  asked,  What  significance  do  aqueous  ex- 
tracts of  soils  possess  with  respect  to  potassium  content?     Water 
extracts  of  soils  obtained  by  displacement',  1:5  water  extraction,  and 
percolation  methods  have  played  a  considerable  role  m  investigations 
relating  to  the  potassium-supplving  power  of  soils.     But,  as  already 
mdicated  (p.  539),  the  significance  of  the  results  needs  to  be  recon- 
sidered in  the  light  of  recent  acquisitions  to  our  knowledge  of  the  be- 
havior of  the  adsorbed  materials  in  the  presence  of  electrolytes  of 
which,  in  soils,  calcium  is  such  a  dominant  factor.     Although,  as  m 
these  experiments,  small  amounts  of  potassium  are  dissolved  for  long 
periods  of  continuous  leaching  of  a  soil,  this  fact  affords  no  indication 
that  the  difficultly  soluble  combinations  of  potassium  would  be  re- 
moved by  water  in  the  absence  of  all  traces  of  electrolytes.     A  low 
but  effective  concentration  in  electrolytes  may  be  produced  by  several 
processes,  such  as  (1)  action  of  the  micro-organisms  (the  soil  was  not 
sterile  in  these  leaching  experiments),  (2)  the  effect  of  huniic  acids 
which  can  effect  a  repartition  between  the  elenients  adsorbed  by  the 
humus-clay  complexes  and  the  solution  phase  in  contact  with  it  (6), 
and  (3)  the  effect  of  the  slow  solubiUty  of  carbonates  and  of  silicic 
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acids  in  water.  Under  natural  field  conditions  the  potassium  fixed 
by  the  soil  can  enter  into  solution  only  as  the  electrolytes  are  replen- 
ished by  the  processes  cited.  It  follows  that  the  amount  of  potassium 
removed  in  aqueous  extraction  by  any  method  whatsoever  is  indica- 
tive not  only  of  the  amount  of  ' 'soluble''  potassium  but  also  of  its 
temporary  content  of  nitrates,  chlorides,  bicarbonates,  sulphates,  etc. 
This  effect  of  electrolytes  on  the  solubility  of  adsorbed  potassium 
is  striking.  The  relationship  quantitatively  demonstrated  by  Wieg- 
ner  and  Miiller  (23)  with  permutite  and  with  six  soil  types  by  Barbier 
(3)  is,  when  the  exchangeable  hydrogen  ions  are  relatively  small  com- 
pared with  calcium 

P  L 

c  _A/pY 


1+ 


c 


where  P  and  C  are  the  concentrations  of  potassium  and  calcium  in  the 
adsorbent,  p  and  c  the  concentration  of  these  elements  in  the  solution, 
k  and  n  constants,  and  T  the  exchange  capacity.  . 

This  formula  shows  that  at  equilibrium  the  ratio  of  potassium  to 
calcium  fixed  in  the  adsorbing  complex  determines  the  ratio  of  po- 
tassium to  calcium  in  solution.  Accordingly,  for  one  and  the  same 
concentration  of  potassium  in  the  adsorbing  complex  at  equilibrium, 
the  concentration  of  potassium  in  the  aqueous  phase  is  never  constant 
as  the  classical  theory  of  adsorption  holds.  On  the  contrary,  it  is 
proportional  to  the  fimal  concentration  of  other  cations,  ot  which 
calcium,  because  of  its  relatively  greater  proportion  to  other  cations 
in  soils,  plays  the  dominant  role,  and  consequently,  the  concentra- 
tion of  potassium  is  proportional  to  the  sum  p  plus  c  of  potassium  and 
calcium  dissolved.  This  sum  is  equal  to  the  quantity  of  anions 
present  in  the  aqueous  phase,  i.  e.,  to  the  tota  salt  concentration  ot 
the  solution.     The  concentration  of  the  soil  solution  m  potassium  is 

then  an  increasmg  function  of  two  factors  (1)  the  ratio  -^  between 

the  potassium  and  calcium  ^^fixed"  at  equilibrium,  which  determines 

the  ratio  £  between  potassium  and  calcium  dissolved,  and  (2)  the  total 

c 
salt  concentration  of  the  solution. 

An  appreciation  of  the  significance  of  these  facts  will  e-^Pl^m  the 
difficulties  encountered  in  all  attempts  to  obtain  threshold  yalues  for 
sou  potassium ;  and,  furthermore,  will  suggest  the  direction  m  which 
^veSaSns  on  availability  of  soil  potassium  should  proceed. 

The  So-Called  Exchangeable  Potassium 

It  follows  from  Wiegner's  observations  discussed  above  that  the 
so-called  exchangeable  potassium  is  subject  *«  th^^,f ™i*^*^T^^ 
definition  of  the  term  "exchangeable",  a  variable  quantity  deter 
Sed  by  the  conditions  of  the  experiment.  For  the  determination 
S  this  so-caUed  exchangeable  soil  potassium,  extraction  with  a  so- 
fution  of  either  sodium  or  ammonium  acetate  has  certam  advantages 
overother  reagents  {16).     In  the  present  experiments  a  half-mo  ar 

soTutiSn'S  amfoniuiii  aietate  was  used      Th|  f  ^^^retr'S 
high,  especially  for  percolation  methods.     Even  in  one  extraciion 


11 


! 


\ 
I 


I 


542 


Journal  of  Agricultural  Research 


Vol.  53,  no.  7 


Barbier  (3)  found  that  a  normal  solution  of  ammonium  chloride  dis- 
placed the  whole,  and  a  one-third  normal  solution  98  percent,  of  the 
exchangeable  potassium  from  clay  soils. 

The  results  given  in  table  2  show  that  under  the  conditions  ot 
continuous  leaching  adopted  in  these  experiments  three  extractions 
with  M/2  ammonium  acetate  were  necessary  before  the  concentra- 
tion of  potassium  was  reduced  to  that  of  the  constant  level  reached 
by  the  water  leachates  in  the  fourth  extraction.  After  the  third 
percolation  the  amounts  of  potassium  removed  by  M/2  ammonium 
acetate  were  nearly  identical  for  all  the  soils  of  this  experiment. 
The  addition  of  the  potassium  sulphate  fertihzer  resulted  m  an  in- 
crease of  the  so-called  exchangeable  potassium  of  the  surface  horizons 
of  the  treated  cylinders  approximately  two  and  a  half  times  above 
that  of  the  check  cvhnders.  The  effect  of  the  cover  crops  on  the 
exchangeable  potassium  was  also  quite  marked,  ihis  is  indicated 
by  increases  of  50  and  75  percent  in  the  surface  and  subsurface  soils 
of  the  check  cylinders,  respectively,  over  the  corresponding  horizons 

of  the  original  soil.  .  o     ^  ^  ui     ^ 

The  residual  quantities  of  potash  shown  in  column  2  ot  table  b 
can  be  calculated  from  the  amounts  of  potassium  sulphate  apphed 
together  with  that  absorbed  by  the  trees  from  the  added  potassium 
sulphate  (19). 

Table  6  —Quantities  of  residual  potash  which  have  accumulated  in  the  exchange- 
able form  in  the  0-  to  21-inch  layer 


Description  of  soil 


Residual 
K2O  (J) 


NPK  (sod) 

NPK  (cultivation). 

PK  (sod) 

PK  (cultivation)... 


Grams 
508 
481 
536 
541 


Excess  of  ex- 
changeable 
K2O  of  treated 
cylinders  over 
that  of  check 
cylinders  (i/) 


Grams 


-^XlOO 


Percent 


253 

50 

266 

55 

256 

48 

264 

49 

The  differences  shown  in  table  6  between  the  exchangeable  K2O 
of  the  treated  cylinders  and  the  corresponding  check  cyhnders  ot 
the  0-  to  21-inch  horizon  indicate  that  about  one-half  of  the  potassium 
apphed  to  the  soils  may  be  considered  to  be  in  a  replaceable  lorm. 
Actually  the  amounts  must  be  somewhat  lower  (p.  541).  ilie  re- 
mainder, consequently,  must  have  been  transformed  into  a  non- 
exchangeable   form   and   the   greater   portion   in   the   0-   to   7-incli 

The  possibility  of  the  conversion  of  surface-adsorbed  exchangeable 
bases  into  a  nonexchangeable  form  and  vice  versa  is  suggested  by 
the  results  of  several  investigators  (10,  12,  IS,  15),  This  expenment 
supplies  additional  and  possibly  less  vulnerable  evidence  ot  the  lact. 

Relative  Amounts  of  Residual  Applied  Potash  Removed  by  the  Different 
Solvents  from  the  0-  to  21-Inch  Layer  of  the  NPK  Cylinders 

The  relative  amounts  of  residual  appUed  potash  removed  by  the 
different  solvents  (total  of  all  leachings  in  each  case)  can  be  deter- 
mined in  a  manner  similar  to  that  used  to  determine  the  phosphonc 
acid  removed  by  various  solvents  {21), 
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Table  7  gives  the  potash  removed  by  the  different  solvents  from 
the  0-  to  21-inch  horizon  of  the  NPK  cylinders  expressed  as  a  per- 
centage of  the  residual  applied  potash.  The  amounts  of  potash 
dissolved  by  the  unfertilized  (check)  soils  by  the  respective  solvents 
are  subtracted  from  the  quantities  removed  from  the  treated  cyl- 
inders as  shown  in  column  2,  under  the  indicated  method  of 
calculation. 


Table  7.- 


■Relative  magnitudes  of  the  potash  removed  by  the  different  solvents  from 
the  0-  to  21 -inch  horizon  of  the  NPK  cylinders 


IN  SOD 


Solvent 


Indicated  method  of  calculation 


Grams 


Distilled  H2O 

M/2  NH4.C2H3O2- 
O.2NHNO3 


428.4-225.2 


X100=. 


508 
605.5-350.9,,,^_ 

508         ^^""~ 
2,836.7-2.425.2 


508 


X100=. 


Percentage  of 
residual  ap- 
plied K2O 
dissolved 


40.0 
50.1 
8L0 


IN  CULTIVATION 


Distilled  n20 

M/2  NH4.C2H3O2- 


431.2-236.3 

481 
628.3-368.8 


481 


X100= 

X100= 


40.5 
53.9 


Distilled  water  has  removed  40  percent;  M/2  ammonium  acetate 
50  to  54  percent,  and  0.2  N  nitric  acid  81  percent,  respectively,  of  the 
residual  potash  of  the  0-  to  21-inch  layer.  The  relatively  large  per- 
centages removed  by  distilled  water  as  compared  with  that  removed 
by  M/2  ammonium  acetate  is  related  to  the  phenomenon  already 

fully  discussed  (p.  541).  ,.    1      .    1   i,      v  a 

Eiffhty-one  percent  of  the  residual  apphed  potash  has  been  removed 
bv  0  2  N  nitric  acid  from  the  0-  to  21-inch  horizon  of  the  NPK  cylin- 
der in  sod  These  values  give  the  relative  condition  of  availability 
of  the  potash  applied  as  the  fertilizer  potassium  sulphate. 

The  potash  removed  by  0.2  N  nitric  acid  has  been  designated  by 
Fraps  (9)  as  the  ^'active^^  potash.  It  is  surprising  that  the  exchange- 
able potash  of  many  soils  reported  by  Fraps  is  from  two  to  three 
times  the  amounts  found  by  him  to  be  soluble  in  0.2  N  m trie  acid. 
In  these  cylinder  experiments  the  potash  dissolved  from  the  corre- 
sponding  horizons  of  the  respective  cylinders  by  0.2  N  mtnc  acid  are 
from  two  to  three  times  the  values  for  the  exchangeable  potash  even 
n  the  first  two  extractions  alone.  If  the  analyses  are  comparable 
with  those  here  reported  there  can  be  no  relation  between  the  replace- 
able poSsh  and  that  extracted  by  0.2  N  nitric  acid  from  difterent 
soil  types. 

THPORETICAL  FERTILIZER  RATIO  OF  NiPjOstK^O  FOR  APPLE 
TREES  GROWING  ON  A  HAGERSTOWN  CLAY  LOAM  SOIL 

It  was  pointed  out  in  the  introduction  to  this  and  the  two  pre- 
ced  ng  papei  of  this  series  {20,  21)  tbat  the  ratio  m  which  nitrogen, 
phosphoric  acid,  and  potash  were  absorbed  by  the  NPK-  and  NP- 
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+    1  ^r^^c^  Ai'Qc  "x  00  *^1  5   whereas  the  ratio  in  which  these  same 
Sli'eSrs'4'^^^  3:8:4.     The  divergence  between 

^'^C^Vtaii'VoXmporary  German  agronomists  and  horticulturists 
have  sought  to  determine  the  fertiUzer  requirements  of  crops  by 
modificatfon  of  the  quantities  in  which  the  pnncipa  fertilizer  entities 
^re  oundTn  the  mature  crop  considered,  by  making  allowance  for 
Se  quantities  of  nitrogen  leached   and   the   phosphoric   acid   and 

ntfSrs'UluCurnX-^^^^^^ 

s^.T  ^^^i^^St^feairof^s^^^^^^^^^^^^^^^^    Si?r:^'p 

is  then  mSltipUed  by  the  proper  factor  and  the  resultmg  values  are 
added  to  the  amount  of  each  entity  m  the  crop. 

Since  the  quantity  of  nitrogen  in  plants  is  roughly  proportional  to 
the  supply  tMs  is  a^  rational  procedure  for  determmmg  the  nitrogen 
requirement  but  its  applicability  in  determmmg  the  amounts  of 
nhosDhSric  acid  and  potash  required  is  more  limited  because,  owmg  to 
KrL  amountLf  these^ntities  absorbed  by  the  plant  are  no 
nmnort  onal  to  the  supply.  In  a  previous  paper  of  this  series  {21) 
Ft  was  shown  that  the  fixing  capacity  of  any  one  soil  type  is  a  relative 
and  no  an  absolute  property;  the  amount  retamed  is  conditioned 
not  oX  by  the  concentration  of  the  phosphate  or  potassium  ions  but 
also  by  the  concentration  of  other  ions,  such  as  hydrogen,  sihca,  iron 
a  uminum!  calcium,  magnesium,  etc.     It  is  also  obvious  that  the 

amZ?s  fixed  will  depend  upon  the  ^-^^^^/^Xttrtrnzer  Ve 
large  localized  application  of  a  phosphate  or  potash  tertihzer,  the 
so  fin  that  immediate  neighborhood  may  be  completelv  saturate^^^ 
Tt  has  also  been  shown  in  a  preceding  paper  {21)  that  the  iron  ana 
aluminum  of  the  original  soil  was  only  66  percent  saturated  with 
VZectZ  phosphoric  acid.  At  the  end  of  the  cylinder  expenments, 
3  a  residual  appUed  phosphoric  acid  and  potash  content  of  1,040 
Tnd  508  erespectiVelv,  one-third  and  one-fifth,  respectively,  of  this 
reidual  p^hospS  aJid  and  potash  of  the  NPK  cylinders  under  sod 
were  transformed  into  very  insoluble  forms.  „^t„,u  +«  Kp 

The  proper  values  for  nitrogen,  phosphoric  acid,  and  potash  to  be 
used  inSfying  the  amount!  absorbed  by  the  trees  would  therefore 

become: 

1       X.  A  0.33X152.3=   50.2  g 

Nitrogen  leached o  33X1,040  =  343.2  g 

Phosphoric  acid  fixed 0:20X508     =101.6  g 

Potash  fixed XT"PTr 

Therefore,  the  theoretical  quantities  for  application  to  the  ^Jl'K 
cylinder  under  sod  taken  as  an  illustration  would  be: 

^     .,.,  .   152.3+   50.2  =  202.5  g 

Nitrogen. _____ 19.2  +  343.2  =  362.4  g 

Phosphoric  acid 47  2+101.6=148.8  g 

Potash *  u        V      • 

whpre  152  3  19  2  and  47.2  are  the  amounts  of  nitrogen,  phosphoric 
TcM^aidpotish 'absorbed  by  the  NPK  tree  in  .-d  J--  ^^^e  added 
salts  {21)  The  theoretical  ratio  thus  derived  is  202  5.362  4.148^, 
or  a  4.47;8.0:3.28  fertilizer.  This  compares  with  a  ratio  used  in  this 
experiment  based  on  results  in  the  experimental  orchard  of  3^8.4 

^he  reason,  therefore,  why  the  ratios  m  which  the  nitrogen,  phos 
phoric  acid,  and  potash  absorbed  by  the  trees  differs  so  greatly  from 
both  the  theoretical  and  "practical"  ratios  is  now  apparent. 
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SUMMARY 

The  distribution  and  condition  of  potash  at  the  end  of  an  experi- 
ment lasting  6)2  years  is  given  for  three  horizons  of  a  Hagerstown 
clay  loam  soil  contained  in  cylinders  planted  to  apple  trees  and  treated 
with  different  combinations  of  sodium  nitrate,  monocalcium  phos- 
phate, and  potassium  sulphate  in  different  combinations. 

Approximately  one-third  of  the  residual  appHed  potassium  has 
moved  into  the  subsurface  (7-to  21 -inch)  layer.  There  is  no  definite 
evidence  of  movement  of  applied  potassium  into  the  21-  to  53-inch 
layer. 

Under  the  conditions  of  continuous  leaching  of  these  experiments 
the  amounts  of  potash  removed  from  the  surface  soils  of  the  check 
and  also  of  the  treated  cylinders  by  distilled  water  was  more  than  half 
of  that  removed  by  M/2  ammonium  acetate  (the  so-called  exchange- 
able potash). 

The  necessity  for  the  reconsideration  of  the  significance  of  all  water- 
soluble  and  so-called  exchangeable  potash  data  in  soil  investigations 
is  discussed. 

The  system  of  green  manuring  adopted  in  this  experiment  has 
resulted  in  increasing  the  so-called  exchangeable  potassium  of  the 
0-  to  21-inch  layer  almost  50  percent. 

Only  about  50  percent  of  the  residual  applied  potassium  was  found 
in  a  form  soluble  in  M/2  ammonium  acetate.  The  remainder  has 
been  converted  into  less  soluble  forms. 

The  relative  quantities  of  the  residual  appHed  potash  removed 
under  conditions  of  continuous  percolation  from  the  0-  to  21 -inch 
layer  of  the  NPK-treated  cylinder  in  sod  by  distilled  water,  M/2 
ammonium  acetate,  and  0.2  N  nitric  acid  were  40,  50,  and  80  percent, 

respectively.  *  .  1  •    i 

From  the  present  and  earlier  reported  experiments  a  theoretical 
fertilizer  ratio  for  apple  trees  in  a  Hagerstown  clay  loam  soil  is 
derived.     The  theoretical  ratio  of  NiPaOsiKgO  is  4.47:8.0:3.28. 
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MATHEMATICAL   EXPRESSION   OF   EQUI- 
LIBRIUM BETWEEN  NITROGEN  AND 
PHOSPHORIC  ACID  IN  PLANTS 

It  has  been  known  for  nearly  half  a  century  that 
phosphoHpins  (phosphatides)  found  in  all  cells  play 
a  predominant  role  in  the  physiological  processes 
involved  in  growth  and  reproduction.  In  some  plant 
species  phospholipins  were  found  to  vary  directly  with 
the  protein-N  and  in  others  with  the  amide-N.^ 

With  the  growth  of  conviction  among  biologists  that 
the  final  truth  of  a  phenomenon  lies  in  the  mathe- 
matical description  of  it,  mathematical  expressions  for 
the  physiological  relationships  between  the  various 
elements  ("entities")  and  plant  response  to  them  have 
been  sought,^  expressible  in  terms  of  simple  laws.^ 

In  investigations  now  under  way  in  this  laboratory 
on  the  influence  of  the  soil  and  the  weather  on  the 
action  of  fertilizers  by  means  of  periodic  analysis  of 
leaves  of  the  same  metabolic  age   (foliar  diagnosis) 
certain  plots  of  Tier  1,  Section  B,  of  the  long-con- 
tinued vegetable  fertility  plots  of  the  Department  of 
Horticulture,  on  which  potatoes  were  growing  in  1935, 
have  been   examined.     Plot  15,  which  has  received 
partly  rotted  horse  manure  at  the  rate  of  thirty  tons 
per  acre,  has  continuously  given  the  highest  yields  on 
this  particular  tier.    In  1935  the  yield  of  tubers  was 
196  pounds  per  1/lOOth  acre  plot.    The  plants  grow- 
ing  on  this  plot,  therefore,  may  be  regarded  as  well 
nourished  and  nearing  the  optimum  for  the  soil  and 
climatic  conditions  in  this  region. 

1  F.  Czapek,  * '  Biochemie  der  Pflanzen, ' '  Zweite  Auf , 
nn    772-773.  Jena,  1913. 
^^i  Walter  Thoma;,  Science,  70:  382-384,  1929 

sH.  Lagatu  and  L.  Maume,  Compt,  Bend.,  180:  117y, 
1925. 


In  Fig.  1  are  plotted  as  ordinates  and  abscissae, 
respectively,  the  data  for  the  chemical  analysis  for 
total  nitrogen  (N)  and  total  phosphoric  acid  (P^Os) 
of  the  fourth  and  fifth  leaves  taken  from  plants  grow- 
ing on  this  manure  plot  (Plot  No.  15)  and  also  from 
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Fig.  1.  Showing  the  deviations  from  the  optimum 
physiological  balance  between  nitrogen  and  phosphoric 
acid  in  four  differently  treated  plots. 

three  plots  treated  with  commercial  fertilizers;  namely, 
nitrogen  alone  (Plot  No.  2),  phosphate  +  potash  (Plot 
No.  8)  and  nitrogen  +  phosphate  +  potash  (Plot  No. 
10).  The  numerals  1,  2,  3,  4  indicate,  respectively, 
the  coordinate  points  for  each  of  the  sampling  dates- 
July  7,  July  29,  August  9  and  August  24,  1935. 

The  broken  line  has  been  drawn  by  joining  the 
coordinates  (given  in  columns  1  and  2,  Table  1)  for 
the  third  and  fourth  samplings,  taken  on  August  9 
and  August  24,  respectively,  of  leaves  of  the  same 
physiological  age  of  plants  growing  on  the  manure 
plot.  The  scale  for  PgOg  is  twice  that  for  N.  The 
equation  to  this  line  is  y  =  2.2x-{- 1,31,  The  ordinates 
of  this  line  corresponding  to  the  amounts  of  PgOg 
found  by  analysis  at  successive  sampling  dates  vary 
very   little   from   the   amounts   of   N   found   experi- 


mentally. The  deviation  of  experimental  values  cal- 
culated from  the  above  equation  is  shown  in  the  last 
column  of  Table  L 

TABLE  1 

Experimental   Values   for   PsOs   and   Experimental   and 

Calculated  Values  for  N  in  Dry  Foliage  at  Four 

Sampling  Dates  for  Plants  Growing 

ON  THE  Manure  Plot 


Dates  of 
sampling 

Experimental 
values 

Calculated 
values 

Relative 
deviation 

P2O5 
(E,) 

N 

N 

E,-E,^ 

E, 

July     7  . . . 
July  29  . .  . 
Aug.     9  .  . . 
Aug.  24  . . . 

Per  cent. 

0.688 
0.608 
0.564 
0.448 

Per  cent. 

4.650 
3.920 
3.790 
3.280 

Per  cent. 

4.340 
3.980 
3.790 
3.280 

Per  cent. 

+  0.067 
-  0.015 

0 

0 

On  the  first  sampling  date  (July  7),  nitrogen  in 
this  manure  plot  is  somewhat  in  excess  in  relation  to 
the  optimum  value;  a  result  which  can  be  accounted 
for  by  an  excess  absorption  of  nitrogen  caused  by 
the  intervention  of  nitrogen  produced  by  nitrification 
in  a  favorable  season  from  the  cover  crops  used  in  the 
rotational  system.  On  the  second  (July  29),  third 
(August  9)  and  fourth  (August  24)  sampling  dates 
equilibrium  between  N  and  PgOg  is  attained. 

The  yields  of  tubers  from  the  three  other  plots  are: 
N  (Plot  No.  2)  109  pounds,  PK  (Plot  No.  8)  148 
pounds  and  NPK  (Plot  No.  10)  163  pounds  per 
1/lOOth  acre  plot.  The  deviation  from  the  optimum 
(broken)  line  with  respect  to  position,  form  and 
length  between  sampling  dates  shows  in  each  case  the 
nature  of  the  disequilibrium  between  N  and  P2,05  in 
the  plants  growing  on  the  particular  plot  and  may 
be  regarded  as  an  indicator  of  the  lack  of  physio- 
logical balance  between  nitrogen  and  phosphorus. 
Details  will  be  published  elsewhere. 

Walter  Thomas 

The  Pennsylvania  State  College 
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^N  DISCUSSING  the  topic  as- 
signed to  me,  I  have  made  no 
attempt  to  make  a  complete 
survey  of  recent  literature.  I 
have  attempted  to  stress  representative 
types  of  research  work  of  the  past  two  or 
three  years  and  to  emphasize  certain  types 
of  investigations  which  have  assumed  im- 
portance in  connection  with  our  own  re- 
search program  at  the  Pennsylvania  State 

College. 

Carotene  and  vitamin  A,    Since  the  dis- 
covery that  beta  carotene  is  the  precursor 
of  vitamin  A,  nutrition  workers  have  been 
devoting  considerable  time  and  attention 
to  the  establishment  of  carotene  as  an  in- 
ternational reference  standard  for  the  as- 
say of  vitamin  A.    As  a  result,  three  types 
of  research  activity  have  been  stimulated 
with  the  hope  that  all  chemical  and  biologi- 
cal variables  could  be  ascertained.    These 
research  activities  can  be  classified  as  fol- 
lows: (a)  methods  of  isolation  and  purifica- 
tion of  beta  carotene,  (b)  feeding  technique 
studies  accompanied  by  chemical  and  physi- 
cal measurements  with  the  view  of  estab- 
lishing recommendations  for  unitage,  and 
(c)  studies  which  have  led  to  a  better  under- 
standing of  physiological  functions  of  caro- 
tene. 

The  American  committee,  working  at  the 

request  of  the  revision  committee  of  the 
United    States    Pharmacopoeia,    has    co- 

iPresented  before  the  food  and  nutrition  division 
of  the  American  Home  Economics  Association, 
Seattle,  Washington,  July  9,  1936. 


operated  with  the  League  of  Nations  com- 
mittee, and  many  laboratories  in  many 
countries  have  been  studying  various  phases 
of  this  question. 

One  of  the  first  problems  which  con- 
fronted workers  in  this  field  was  the  selec- 
tion of  a  suitable  solvent,  for  it  soon  became 
evident  that  some  solvents  were  better  than 
others.     Workers    in    my    laboratory    (1) 
soon  ascertained  that  mineral  oil  could  not 
be  used  as  a  solvent  for  carotene,  owing  to 
the  fact  that  this  oil  is  not  absorbed  in  the 
digestive  tract;  and  since  it  possesses  a  pref- 
erential   solvent    effect  on   carotene,   the 
latter   is   excreted   with    the    unabsorbed 
mineral  oil,  thus  preventing  carotene  utili- 
zation.   It  also  became  evident  that  caro- 
tene was  not  stable  in  all  solvents  (2), 
with  the  result  that  several  laboratories 
made  a  study  of  this  question,  using  biolog- 
ical response,  color  comparisons,  and  light 
absorption  studies  with  various  solvents 
under  various  conditions.     It  was  found 
that  solvents  could  be  arranged  in  the  fol- 
lowing order  so  far  as  their  superiority  is 
concerned    in    stabilizing    beta    carotene: 
cottonseed   oil,    sesame    oil,    coconut   oil, 
olive  oil,  corn  oil,  and  wheat-germ  oil.     It 
was  found  that  it  was  impossible  to  use 
esters  such  as  ethyl  laurate  owing  to  the 
fact  that  carotene  was  unusually  labile  in 
this  type  of  solvent.     It  was  found  that 
additions  of  hydroquinone  improved  the 
keeping  qualities  of  carotene  when  ethyl 
laurate  was  used  as  the  solvent.    Caro- 
tene is  unstable  in  the  light,  and  it  has  be- 
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come  the  practice  to  keep  carotene  prepara- 
tions in  the  dark  and  preferably  in  a  cool 
place.  Coconut  oil  has  been  a  keen  com- 
petitor of  cottonseed  oil  for  the  introduc- 
tion of  carotene  into  food  and  pharmaceu- 
tical preparations.  At  present  the  inter- 
national reference  samples  are  sent  to 
workers  over  the  world  in  small  vials  using 
coconut  oil  as  the  solvent  and  hydroquinone 
as  the  preservative. 

The  first  samples  of  carotene  were  col- 
lected from  a  number  of  laboratories  over 
the  world  in  1931.  These  were  sent  to 
London,  England,  where  they  were  all 
pooled  into  one  large  sample  which  was  re- 
crystallized  and  purified.  This  was  called 
the  "international  sample.*'  It  is  now  evi- 
dent that  this  sample  could  not  have  been 
pure  because  2.5  gamma  to  5  gamma  were 
required  to  produce  the  growth  response 
required  by  the  Sherman  standard  and  to 
prevent  xerophthalmia.  As  purification 
methods  improved  and  methods  were  de- 
vised for  the  separation  of  the  isomeric 
carotenes,  the  potency  increased.  Today 
crystalline  beta  carotene  is  available  which 
prevents  xerophthalmia  and  produces  the 
slow  growth  required  by  the  Sherman 
standard  at  doses  as  low  as  0.5  gamma. 

Workers  have  reported  varied  successes 
with  the  application  of  light  absorption 
technique  on  the  determination  of  vitamin 
A  content  of  miscellaneous  oils.  English 
workers,  led  by  the  Lister  Institute,  and 
the  British  pharmaceutical  interests  have 
made  a  rather  thorough  study  of  this 
problem.  If  all  oils  are  saponified  under 
standard  conditions,  if  the  unsaponifiable 
residues  are  dissolved  in  specified  solvents 
such  as  cyclohexane,  etc.,  it  was  found  that 
light  data  could  be  used  in  a  practical  way 
and  translated  into  biological  units  by  using 
a  factor  to  convert  the  extinction  coeflScient 
at  328  millimicrons  to  biological  units  (in- 
ternational). The  conversion  factor  is, 
however,  considered  provisional. 

A  few  interesting  and  suggestive  studies 


have  been  made  relative  to  the  absorption 
and  utilization  of  carotene  and  vitamin  A. 
The  work  of  Drummond  and  his  associates 
(3)  shows  quite  clearly  that  vitamin  A 
exists  in  the  lymph  as  an  ester  of  the  fatty 
acids.  It  is  their  suggestion  that  proper 
and  efficient  absorption  of  vitamin  A  is 
dependent  upon  esterifi cation  during  or 
preceding  absorption.  Neither  vitamin  A 
nor  carotene  could  be  made  to  pass  a  dialyz- 
ing  membrane,  indicating  that  these  sub- 
stances exist  in  colloidal  form. 

Greaves  and  Schmidt  (4),  working  with 
rats,  suggest  that  the  passage  of  carotene 
through  the  intestinal  wall  depends  on  the 
presence  of  bile  acids,  while  the  preformed 
vitamin  A  can  be  absorbed  without  the  aid 
of  bile  acids  or  other  bile  ingredients. 

Davies  and  Moore  (5)  have  fed  massive 
doses  of  vitamin  A  to  rats  and  have  studied 
the  speed  with  which  this  vitamin  is  lost, 
following  relatively  enormous  liver  storage. 
It  is  interesting  to  note  that  superfluous 
liver  reserves  are  lost  relatively  rapidly 
compared  with  those  reserves  that  are 
known  to  satisfy  the  normal  physiological 
requirement.  When  carotene  was  fed  this 
was  not  the  case,  and  no  explanation  is  as 
yet  available  for  this  apparent  discrepancy 
in  results. 

Ralli,  Pariente,  and  their  co-workers  (6) 
have  studied  blood  carotene  in  normal  and 
diabetic  individuals.  The  same  doses  of 
carotene  in  oil  were  administered  orally  to 
four  normal  and  four  diabetic  individuals 
for  a  period  of  four  months.  Carotene  rose 
to  a  higher  point  in  the  blood  of  diabetic 
patients  and  diminished  at  a  slower  rate 
after  feeding.  They  interpret  this  to  mean 
that  the  liver  in  diabetes  has  lost  some  of 
its  power  to  transform  carotene  into  vita- 
min A  and  that  storage  of  carotene  in  the 
liver  tends  to  delay  absorption  of  blood 
carotene. 

Dr.  Florence  Tabor  (7),  working  in  my 
laboratory,  has  studied  the  effect  of  vita- 
min A  (carotene)  intake  on  the  vitamin  D 


requirement  of  rats  in  the  production  and 
cure  of  rickets.  She  concluded  that  rela- 
tively large  doses  of  carotene  (90  interna- 
tional units  per  gram  of  food)  tended  to  in- 
crease the  severity  of  rickets  during  the 
depletion  period,  while  there  was  a  tendency 
for  this  amount  of  carotene  slightly  to  re- 
tard recalcification  during  the  curative 
period.  She  found  that  line-test  and  X-ray 
measurements  gave  the  most  accurate  and 
dependable  results,  while  bone  ash  and 
blood  serum  methods  were  less  dependable. 
She  places  the  greatest  confidence  in  line- 
test  values. 

Sutton,  Setterfield,  and  Krauss  (8)  have 
studied  the  influence  of  vitamin  A  deficiency 
on  the  degeneration  of  nervous  tissue  in 
the  rat.  They  observed  a  degeneration  of 
the  myehn  sheath  of  peripheral  nerves, 
which  occurs  about  the  same  time  as 
xerophthalmia,  and  found  that  the  degener- 
ation had  become  extensive  before  symp- 
toms of  paralysis  could  be  noted.  Ade- 
quate doses  of  vitamin  A  arrested  the 
degenerative  changes  but  did  not  relieve 
external  symptoms  once  they  had  appeared. 
These  authors  suggest  that  the  typical 
metaplasia  observed  in  vitamin  A  deficiency 
may  be  due  to  similar  changes  in  the  phos- 
pholipids of  epithelial  cells,  resulting  in  a 
disturbance  of  normal  cell  permeability. 

Zunmermann  and  Cowgill  (9)  have  made 
a  similar  study  in  which  they  describe  a 
nervous  disorder  characterized  by  muscular 
weakness,  in-co-ordination,  and,  in  severe 
cases,  paralysis  of  the  posterior  extremities. 
They  observed  demyelination  of  the  pe- 
ripheral nerves,  particularly  the  sciatics. 
When  the  ration  was  supplemented  with 
carotene  this  disorder  did  not  develop. 
When  carotene  was  added  early  in  the  experi- 
mental period  animals  were  restored  to 
good  health.  When  the  neurologic  dis- 
order was  allowed  to  become  severe  it  was 
impossible  to  obtain  relief  by  carotene 
administration. 
In  spite  of  many  clinical  publications  to 


the  contrary,  papers  still  continue  to  appear 
relative  to  the  influence  of  vitamin  A  on 
resistance  to  colds  and  respiratory  infec- 
tions.   Miss  Cameron  (10)  of  West  Virginia 
could  not  prove  that  cod-liver  oil,  halibut- 
liver  oil,  or  carotene  reduced  the  average 
number  of  colds  in  a  group  of  200  students 
from  October  to  April.     She  did  conclude, 
however,  that  the  average  duration  of  colds 
was  reduced  as  a  result  of  vitamin  A  ther- 
apy.   She  emphasizes  the  fact  that  vitamin 
A  is  not  a  specific  against  colds,  but  states 
that  it  is  a  factor  in  reducing  severity  and 
duration  of  colds.    It  is  necessary,  there- 
fore, to  sound  the  warning  and  make  the 
point  clear  to  the  lay  public  that  vitamin  A 
cannot  be  considered  a  cure-all  for  colds. 
Dr.  Redding  (11)  of  Scranton,  Pennsyl- 
vania, advances  arguments  to  prove  that 
phlyctenular  disease  symptoms  in  humans 
and  in  rats  are  quite  similar,  as  indicated 
by  clinical  and  microscopic  findings.    He 
believes  that  this  disease  (which  is  some- 
times known  as  conjunctivitis  lymphaticus 
or   conjunctivitis   exzematosa)   is   due   to 
vitamin  A  deficiency  and  advocates  larger 
doses  of  cod-liver  oil  as  an  aid  in  its  treat- 
ment. 

A  number  of  dairy  research  workers  de- 
scribe a  type  of  blindness  in  cattle  which 
seems  to  be  a  form  of  vitamin  A  deficiency. 
Maynard  and  his  co-workers  (12)  have 
continued  their  work  on  the  production  of 
muscular  dystrophy  in  farm  animals  pro- 
duced by  cod-liver  oil  feeding.  While  it  is 
possible  to  demonstrate  muscular  dys- 
trophy in  sheep  and  goats,  recent  results 
indicate  no  gross  evidence  of  dystrophy  in 
calves.  They  state  that  calves,  if  affected 
at  all,  are  much  less  susceptible  to  cod-liver 
oil  injury.  It  is  premature,  therefore,  to 
anticipate  a  possibility  of  cod-liver  oil  in- 
jury in  humans  until  more  data  are  forth- 
coming. 

Papers  continue  to  appear  relative  to  the 
effect  of  diet  on  the  carotene  and  vitamin  A 
of  cow's  milk.    It  is  generally  agreed  that 
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goats  and  sheep  possess  a  marked  ability  to 
transform  carotene  into  vitamin  A.    Guern- 
sey and  Jersey  breeds  might  be  considered 
pathological  in  this  respect,  going  through 
life  in  a  more  or  less  continuous  state  of 
carotenemia.    Our  work  at  the  Pennsyl- 
vania State  College  indicates  that  this  is 
true,  and  we  find  no  difference  in  the  total 
biological  value  per  gram  of  butter  fat  from 
the  various  breeds;  but  since  Jersey  and 
Guernsey  milk  contain  more  butter  fat,  it 
stands  to  reason  that  these  milks  will  usu- 
ally  contain  more  vitamin   A  units  per 
quart,  unless  the  milks  are  standardized  to 
a  uniform  fat  content. 

Meigs  and  Converse  (13)  of  the  United 

States  Department  of  Agriculture  advance 

evidence  to  prove  that  vitamin  A  (carotene) 

plays  an  important  role  in  the  production  of 

satisfactory  reproduction  and  lactation  in 

dairy  cattle.    Wiseman,  Kane,  and  Gary 

(14),  working  in  the  same  laboratory,  have 

studied  the  stability  of  carotene  in  baled 

alfalfa    hay.     Carotene    destruction    was 

found  to  be  a  function  of  temperature  with 

a  minimum  loss  of  2.6  per  cent  per  month 

during  the  colder  months  (40°F.)  to  6.5 

per  cent  per  month  during  the  warmer 

months. 

The  B  vitamins.  I  hesitate  to  discuss 
the  newer  developments  so  far  as  research 
work  in  the  B  complex  field  is  concerned, 
because  opinions  are  changing  so  rapidly. 
Suggestions  have  been  made  relative  to  the 
existence  of  Bi,  B2,  B3,  B4,  Bs,  Be,  H,  Y, 
and  so  on.  In  my  opinion,  we  can  delay 
discussion  of  B3,  B4,  and  Bg  until  we  have 
more  satisfactory  proof  of  their  existence 
and  of  their  clinical  importance. 

So  far  as  my  own  interests  are  concerned, 
the  outstanding  development  in  regard  to 
Bi  is  the  brilliant  work  of  Williams  and 
associates  in  this  country  and  of  English  and 
German  workers  in  the  production  of 
crystalline  vitamin  Bi  and  the  determination 
of  its  structure  (15,  16,  17,  18,  19,  20,  21). 
Not  only  is  it  now  available  in  limited 


quantities  for  experimental  work  with  lab- 
oratory animals,  but  since  it  has  been  syn- 
thesized in  the  laboratory  the  time  may  not 
be  far  off  when  the  pure  artificial  product 
may  be  available  at  a  lower  cost. 

Most  workers  are  now  agreed  that  Wil- 
liams' formula  is  essentially  correct  and 
that  vitamin  Bi  consists  of  a  dimethyl- 
amino-pyrimidine  nucleus  attached  to  a 
4-methyl-5-/3-hydroxy  ethyl- thiazole.  The 
crystalline  product  has  been  used  success- 
fully by  a  few  clinical  workers. 

I  shall  pass  over  a  discussion  of  the  work 
being  done  relative  to  the  adoption  of  an 
accepted    international    assay    technique, 
since  referee  committees  are  now  at  work  in 
an  attempt  to  arrive  at  a  type  of  technique 
that  will  meet  with  general  acceptance. 
Whether  the  official  method   (U.   S.  P.) 
will  eventually  be  a  pigeon  method  or  a  rat 
method   is   undecided.    Whether  growth, 
mamtenance,  feeding,  or  injection  methods 
are  preferable  is  still  open  to  question.    It 
would  appear  that  crystalline  Bi  will  be 
adopted  as  the  international  standard  to 
replace  the  acid  clay  adsorbate,  but  nothing 
further  has  been  done  so  far  as  I  am  aware. 
Time  will  not  permit  a  discussion  of  re- 
cent studies  using  the  newer  techniques,  but 
I  might  add  in  closing  my  discussion  of 
vitamin  Bi  that  Dr.  Morgan  and  her  co- 
workers (22)  at  California  find  that  vitamin 
Bi  is  not  lost  in  appreciable  amounts  during 
the  baking  of  bread  and  that  the  size  of  the 
loaf  has  some  influence  on  the  destruction  of 
this  vitamin.    Less  destruction  seems  to 
take  place  in  the  larger  loaves.    She  states 
also  that  wheat  germ  has  three  times  as 
much  vitamin  B  (vitamin  B2)  as  eggs,  five 
to  six  times  as  much  as  cow's  milk,  and 
two-thirds  as  much  as  beef  liver. 

Dr.  Kuhn  of  Heidelberg  University  has 
isolated  flavin  (d-riboflavin)  from  liver, 
milk,  and  eggs.  Kuhn  and  some  other 
European  workers  tend  to  call  this  pigment 
**B2"  because  of  its  growth-stimulating 
properties.    Some  workers  have  ascribed 


dermatitis-curing  properties  to  lactoflavin, 
but  other  workers  (including  ourselves) 
cannot  find  that  this  is  alwavs  the  case. 
We  obtain  a  growth  response,  but  the 
florid  type  of  skin  lesions  do  not  respond 
to  flavin  additions  to  the  diet. 

Gyorgy    (23),   publishing   from   Harris' 
Laboratory  at  Cambridge  University,  Eng- 
land, seems  to  have  irrefutable  evidence 
that  the  true  anti-dermatitis  factor  is  a  heat 
stable   fraction    (probably   identical   with 
Chick's  'T"  factor)  which  he  calls  Be.    He 
feels  that  this  factor  plus  flavin  forms  a 
combination  which  is  biologically  equiva- 
lent to  the  old  G  or  B2.    Dr.  Guerrant,  in 
my  laboratory,  has  data  which  seem  to 
support  this  point  of  view,  and  we  are  in- 
clined to  question  the  existence  of  the  B4 
factor  discussed  by  Kuhn,  Elvehjem,  and 
other  workers.     Fish  muscle  seems  to  be 
one  of  the  best  sources  of  Be,  and  it  is  in- 
teresting to  note  that  fish  muscle  is  usually 
almost  devoid  of  Bi.    Gyorgy  believes  the 
type  of  rat  dermatitis  to  be  similar  to 
acrodynia  in  infants  and  raises  the  question 
as  to  whether  rat  dermatitis  is  similar  to  or 
identical  with  human  pellagra. 

Dann    (24)    of   Duke   University   goes 
further  in  this  regard  and  points  out  that 
maize,  which   is   the    principal    food   of 
pellagrins  (and,  therefore,  the  principal  pel- 
lagra producing  food),  contains  relatively 
large  amounts  of  vitamin  Be,  which  cures 
rat  dermatitis  readily.    Furthermore,  Dann 
points  out  that  human  pellagra  depends  on 
action  of  light  on  the  skin  to  bring  out  the 
characteristic  bilaterally  symmetrical  der- 
matitis.   This,  he  finds,  is  not  the  case 
with  rats,  since  he  can  produce  rat  derma- 
titis with  relative  ease  in  the  dark.    How- 
ever, recent  experiments  by  Dr.  Guerrant 
lead  us  to  believe  that  it  is  possible  to  pro- 
duce a  bilaterally  symmetrical  type  of  rat 
dermatitis  which  seems  to  be  similar  to  if 
not  identical  with  that  which  charactenzes 
human  pellagra. 
The  chemistry  of  the  flavin  molecule  has 


been  elucidated  by  Karrer,  Kuhn,  Stern, 
Von  Euler  and  co-workers  (25),  and  their 
conclusions  have  been  confirmed  by  labora- 
tory synthesis.  Lactoflavin  is  now  defi- 
nitely recognized  as  6, 7-dimethyl  ribityl  iso- 
alloxazin  and  is  sometimes  referred  to  as  a 
riboflavin. 

A  large  number  of  related  compounds  have 
been  synthesized  by  substitution  in  the  iso- 
alloxazin  nucleus  or  by  varying  the  con- 
figuration of  the  carbohydrate  side  chain. 
Flavin  has  been  isolated  from  Warburg's 
"yellow  enzyme"  and  Warburg,  Kuhn, 
Theorell,  and  Von  Euler  have  indulged  in 
a  series  of  interesting  theoretical  discussions 
relative  to  the  possible  interrelationship  of 
vitamins,  enzymes,  and  hormones.  Flavin 
is  readily  inactivated  by  light  but  is  pro- 
tected from  light  inactivation  by  oxygen. 

Dr.  Guerrant  (26),  in  my  laboratory,  has 
studied  the  influence  of  the  type  of  carbo- 
hydrate on  the  synthesis  of  vitamins  B  and 
G  in  the  digestive  tract  of  rats  which  prac- 
tice coprophagy.    His  results  indicate  that 
sucrose,  glucose,  and  starch  are  usually  as- 
similated sufficiently  rapidly  so  that  these 
carbohydrates  rarely  reach  the  cecum  in 
appreciable  amounts.  Dextrin,  on  the  other 
hand,  is  digested  and  assimilated  at  a  slower 
rate,  with  the  result  that  this  carbohydrate 
reaches  the  cecum  where  organisms  (prob- 
ably yeasts)  have  an  opportunity  to  multi- 
ply.   These  organisms  synthesize   the  B 
and  G  complex,  which  is  not  readily  assimi- 
lated in  the  lower  bowel  but  is  voided  in 
the  feces.    Lactose  occupies  an  intermedi- 
ate position  between  the  soluble  sugars  and 
dextrin.    When   feces   are   reingested   by 
coprophagous  rats,  sufficient  amounts  of 
vitamins  B  and  G  are  absorbed  to  supply 
the  needs  of  the  rat  for  indefinite  periods. 
It  is  necessary,  therefore,  to  keep  these 
facts  in  mind  in  assaying  foods  for  vitamins 

B  and  G. 

Hogan  and  Richardson  (27,  28)  describe 
experiments  in  which  rats  are  denuded  and 
are  caused  to  develop  dermatitis  on  a  diet 
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devoid  of  G  but  containing  B  (Bi)  in  the 
form  of  tikitiki.  Flavin  additions  produced 
a  new  growth  of  hair  but  had  no  efiFect 
on  the  florid  type  of  dermatitis.  Alcoholic 
extracts  of  starch  or  small  doses  of  wheat- 
germ  oil  brought  about  complete  heaUng  of 
the  skin  lesions.  Wheat-germ  oil,  how- 
ever, had  no  effect  on  relieving  the  denuded 
condition.  It  is  clear,  therefore,  that  we 
must  proceed  with  caution  before  we  will  be 
in  a  position  to  recommend  definite  stand- 
ards for  the  assay  of  the  various  fractions  of 
the  old  B  complex. 

Vitamin  C.  After  discussing  the  con- 
flicting data  and  opinions  relative  to  the 
B  complex,  it  is  a  relief  to  come  to  vitamin 
C.  This  vitamin  is  specifically  an  anti- 
scorbutic factor;  hemorrhagic  and  dental 
responses  are  consistent  and  orderly;  the 
chemistry  of  vitamin  C  is  relatively  simple 
and  understandable;  and  this  vitamin  can 
now  be  assayed  with  reasonable  accuracy 
by  chemical  means  (29). 

As  a  result  of  the  development  of  titra- 
tion methods  for  vitamin  C  (ascorbic  acid), 
a  relatively  voluminous  literature  has  ap- 
peared regarding  the  distribution  of  this 
factor  in  foods  and  tissues.  The  fact  that 
vitamin  C  is  found  in  so  many  growing 
tissues  has  led  to  the  belief  that  it  may  be 
of  considerable  importance  in  vital  proc- 
esses. Cambridge  University  workers 
have  shown  that  ascorbic  acid  appears 
simultaneously  with  vital  reproductive 
changes  when  eggs  are  incubated  and  when 
seeds  are  germinated. 

As  a  result  of  the  fact  that  ascorbic  acid 
is  very  labile,  being  reversibly  oxidized  and 
reduced,  evidence  is  accumulating  which  in- 
dicates that  this  vitamin  may  play  an  im- 
portant role  in  certain  enzyme  systems.  It 
seems  clear  that  ascorbic  acid  plays  a  part 
in  hydrogen  transfer  during  tissue  respira- 
tion and  may  act  as  an  activator  of  molecu- 
lar oxygen. 

Ascorbic  acid  exists  almost  entirely  in  re- 
duced form  in  living  tissue  and,  with  the 


exception  of  citrus  fruits,  seems  to  be  high- 
est in  those  types  of  tissues  characterized  by 
high  metabolic  activity.  It  is  found  in 
most  animal  tissues  and  is  highest  in  glandu- 
lar tissues  and  lower  in  adipose  and  muscu- 
lar tissues.  Oxygen  uptake  is  lowered  in 
vitamin  C  deficiency,  and  its  absence 
brings  about  characteristic  changes  in  teeth, 
bones,  and  blood-vessel  walls. 

It  can  be  synthesized  by  birds  and  rats, 
and  its  distribution  in  the  tissues  is  the  same 
as  that  of  those  animals  which  must  obtain 
this  factor  from   the  food  supply.    The 
precursor  or  precursors  of  ascorbic  acid  in 
rats  and  chickens  is  a  matter  of  conjecture, 
although  Guha  and  Ghosh  have  expressed 
the  opinion  that  mannose  is  one  of  the 
precursors.    We  are  now  also  investigating 
this  phase  of  the  problem  in  our  laboratory. 
Considerable    evidence    exists    (starting 
with  the  work  of  Dr.  A.  F.  Hess)  to  show 
that  there  is  a  loss  of  resistance  to  certain 
types  of  infection  when  the  ascorbic  acid 
supply  is  low.    Rinehart  (30)  of  California 
contends  that  a  form  of  rheumatic  fever 
usually  develops  in  guinea  pigs  as  a  result 
of  infections  which  accompany  a  vitamin-C- 
deficient  diet. 

Latest  work  on  the  stability  of  vitamin  C 
in  foods  adds  very  little  to  what  we  have 
already  known.  Many  environmental  fac- 
tors are  unfavorable,  such  as  light,  high 
temperatures,  oxidation,  contact  with  cop- 
per and  certain  other  metals,  liberation  of 
oxidative  enzymes  by  tissue  disorganiza- 
tion. It  is  of  interest  to  know  that  many 
of  the  better  canning  organizations  now 
produce  canned  goods  which  compare  favor- 
ably in  vitamin  C  content  with  that  of  the 
fresh  food  materials  from  which  they  were 

made. 

Reports  from  all  over  the  world  indicate 
that  we  still  have  a  vitamin-C-deficiency 
problem.  Blood  fragility  tests,  urine  titra- 
tions, and  other  methods  are  offering  new 
possibilities  for  diagnosis  of  vitamin  C 
deficiency.    No  present   method  is   com- 


pletely satisfactory.  Toxic  substances  and 
pathological  disturbances  may  affect  capil- 
lary resistance,  leading  to  incorrect  diag- 
nosis of  incipient  scurvy.  Individuals  vary 
in  their  storage  of  vitamin  C,  and  it  is  not 
possible  to  excrete  this  vitamin  in  the  urine 
until  the  tissues  are  saturated.  This  may 
account  for  the  fact  that  differences  of 
opinion  exist  relative  to  the  effect  of  the 
vitamin  C  content  of  the  diet  on  the  vita- 
min C  content  of  cow's  milk. 

Dr.  Guerrant,  Dr.  Bechdel,  and  their 
students  (31)  at  the  Pennsylvania  State 
College  have  just  finished  a  study  of  the 
influence  of  breed  characteristics  and  stage 
of  lactation  on  the  vitamin  C  content  of 
cow's  milk.    Of  five  breeds  studied,  milk 
from  the  Brown  Swiss  breed  contained  the 
most  ascorbic  acid,  while  milk  from  Hol- 
stein  cattle  contained  the  least.     These 
differences,  although  significant,  were  not 
marked.    Stage  of  lactation  had  a  definite 
influence  on  the  ascorbic  acid  content  of 
milk,  this  vitamin  being  high  in  the  early 
stages  of  lactation,  decreasing  to  a  minimum 
in  two  months,  and  then  increasing  to  a 
maximum  in  the  latter  stages  of  lactation. 
These    fluctuations    could    be    correlated 
with  milk  production,  indicating  a  rather 
constant  excretion  of  ascorbic  acid,   the 
concentration  being  higher  at  periods  of 
low  production  and  lower  at  periods  of  high 
milk  production. 

Selleg  and  King  (32)  of  the  University  of 
Pittsburgh,  have  studied  the  ascorbic  acid 
content  of  human  milk.  They  found  that 
human  milk  had  about  four  to  five  times 
as  much  vitamin  C  (ascorbic  acid)  as  cow's 
milk  and  that  mother's  milk  can  be  made 
richer  in  this  vitamin  by  feeding  orange 
juice,  providing  the  mother's  diet  has  been 
deficient  in  this  regard.  If,  however,  the 
vitamin  C  intake  has  been  high,  it  is  im- 
possible to  increase  the  vitamin  C  content 
of  the  milk  above  the  optimum  level  of 
the  individual.  These  authors  conclude 
that  an  infant  should  receive  an  average  of 


50  mg.  per  day  of  ascorbic  acid  during  the 
nursing  period. 

Vitamin  D  a7id  rickets.  The  conviction 
has  been  growing  that  we  are  confronted 
with  the  problem  of  recognizing  more  than 
one  vitamin  D.  Researches  of  Bills,  Koch, 
Waddell,  and  their  co-workers  (33)  point  to 
the  fact  that  cholesterol  or  some  product 
of  cholesterol  is  activatable  with  ultraviolet 
light  and  that  this  substance  is  not  identical 
with  ergosterol  in  physiological  action.  All 
researches  to  date  indicate  that  the  acti- 
vated cholesterol  preparations,  when  fed  to 
chickens,  possess  physiological  properties 
which  seem  to  be  identical  with  those  pos- 
sessed by  the  natural  vitamin  D  of  cod-liver 

oil. 

Cholesterol  can  also  be  activated  by 
chemical  means.  Bills  and  McDonald 
have  obtained  an  active  antirachitic  prod- 
uct by  heating  cholesterol  with  fuller's 
earth  and  have  advanced  the  opinion  that 
more  than  one  antirachitic  isomer  of  choles- 
terol may  exist.  Yoder  has  made  a  sul- 
fonated product  from  cholesterol,  after 
dehydration,  which  possesses  antirachitic 
potency.  Other  cholesterol  and  ergosterol 
derivatives  have  been  shown  to  be  acti- 
vatable. 

Bills  expresses  the  opinion  that  at  least 
seven  forms  of  vitamin  D  exist  and  that 
it  is  theoretically  possible  to  postulate  a 
great  number  of  molecular  configurations 
which  may  possess  antirachitic  properties. 

Dr.  P.  C.  Jeans  (34)  of  the  University  of 
Iowa  has  just  published  an  interesting 
resume  of  all  clinical  literature  to  date 
which  has  to  do  with  vitamin  D  require- 
ments of  humans.  He  recognizes  two 
forms  of  vitamin  D,  that  from  animal 
sources  and  that  from  plant  sources.  He 
emphasizes  the  difficulty  of  correlating  rat 
data  with  human  demands  and  stresses  the 
danger  of  restricting  the  use  of  vitamin  D 
solely  for  recalcification,  particulariy  as 
measured  by  clinical  observations.  While 
X-ray  methods  are  useful,  he  feels  they  do 
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not  give   information   regarding   optimal 
calcium  retention  and  other  conditions. 

In  discussing  the  clinical  value  of  vita- 
min D  milks  he  stresses  the  point  that  cal- 
cium retentions  in  infants  are  variable  and 
that  best  results  are  obtained  when  the 
daily  intake  is  around  400  international 
units  per  quart,  which  is  roughly  equivalent 
to  one  teaspoonful  of  average  cod-liver  oil 
(350  international  units). 

Dr.  Jeans  states  that  irradiated  milk  is 
satisfactory  but  that  it  probably  usually 
contains  about  the  threshold  amount  of 
vitamin  D  necessary  for  calcium  retention 
and  growth,  namely,  95  to  100  international 
units.    He  also  discusses  such  products  as 
yeast  milk  or  metabolized  milk,  cod-liver 
oil  (concentrate)  milk,  activated  ergosterol 
milk.    He  further  states  that  cod-liver  oil 
milk  and  irradiated  milk  seem  to  be  equal 
in  potency,  unit  for  unit,  while  metabolized 
milks  and  ergosterol  milks  seem  to  be  of 
equal  antirachitic  value.    He  feels  that  the 
differences  existing  between  the  two  classes 
of  milk  are  not  great  and  suggests  a  ratio  of 
1.5  to  1.0,  classifying  all  milks  containing 
animal  sources  of  D  in  one  group  and  all 
milks  containing  vegetable  sources  of  D  in 
the  other.    He  lays  considerable  emphasis 
on  the  necessity  of  feeding  400  international 
units  of  vitamin  D  per  day  to  insure  a 
sufficient  supply  for  proper  calcification, 
calcium  retention,  and  growth.    Dr.  Jeans 
concludes  his  excellent  resume  of  the  litera- 
ture with  the  statement  that  no  data  are 
available  to  determine  directly  the  mini- 
mum rickets-preventing  dose  of  vegetable- 
source  vitamin  D  or  the  amount  of  this 
factor   which   permits   good   growth  and 
proper  calcium  retention. 

Vitamin  E.  I  know  of  no  outstanding 
developments  in  the  vitamin  E  research 
field  for  the  past  two  years  which  merit 
emphasis  here  beyond  the  statement  that 
considerable  progress  is  being  made  in  the 
chemical  study  of  this  antisterility  factor. 
Evans  and  co-workers,  Askew,  Olcott,  and 


Drummond,  have  published  a  number  of 
papers  regarding  such  subjects  as  the 
methods  of  isolation,  the  physical  and 
chemical  properties  of  potent  fractions;  but 
no  one  has  arrived  at  definite  conclusions 
regarding  its  structure  other  than  to  sug- 
gest that  it  may  be  an  unsaturated  sterol. 
Emerson,  Emerson,  and  Evans  (35,  36) 
have  recently  announced  the  isolation  of 
an  alcohol  which  appears  to  be  similar  to, 
if  not  identical  with,  vitamin  E  so  far  as 
physiological  properties  are  concerned. 

Evans   and   Lepkovsky    (37,   38)   have 
continued  their  interesting  work  on  fat- 
free  diets.    They  describe  a  type  of  steriUty 
which   apparently   is   not   identical   with 
vitamin  E  sterility  and  a  type  of  dermatitis 
which   is   evidently   a   characteristic   fat- 
deficiency  disease.     It  is  possible  to  prevent 
and  cure  the  disease  with  small  amounts  of 
unsaturated   fatty   acids   of   the   type   of 
linoleic  and  linolenic  acid.    The  term  "vita- 
min F''  has  been  used  in  connection  with 
these    unsaturated    fatty    acids,    but    the 
designation  has  not  yet  received  scientific 

recognition. 

It  would  appear,  therefore,  that  the  pre- 
dominating trends  in  vitamin  research  at 
present  (as  in  the  recent  past)  are  in  the 
direction  of  the  isolation  of  vitamins  and 
the  determination  of  configuration  followed 
by  laboratory  synthesis;  the  improvement 
and  standardization  of   assay   techniques 
and  of  vitamin  unitage;  the  re-estimation 
of  vitamin  content  of  foods,  vitamin  stabil- 
ity during  food  processing,  and  so  on,  using 
the  newer  techniques;  and  further  elucida- 
tion of  the  vital  physiological  functions  of 
vitamins  in  the  living  organism. 
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'BURN'  OF  TOBACCO 
IMPORTANT  FAaOR 
IN  VALUE  OF  LEAF 


Haley  Offers  Tips  On  Quality ; 

Warns  Against  Muriate 

Of  Potash 


Dr   D  E.  Haley,  professor  of  Soil  and 
Phytochemistry  at  the     Pennsylvania 
State  College,  has  prepared  an  article 
expressly  for  publication  in  the  Lan- 
caster  newspapers  for  the  benefit  of 
Lancaster     county     tobacco     growers 
who  produce  more  than  90  per    cent 
of  all  the  tobacco  grown  in  the  state 
The  article,     entitled     "Muriate  of 
Potash  and  its  Flelation  to  the  Burn- 
ing  Quality   of   Pennsylvania     Cigar- 
Leaf  Tobacco,"  follows  in  full: 

The  citizens  of  Pennsylvania  have 
reason    to    be    proud    of    its    tobacco 
industry,    which    is    largely    centered 
in  Lancaster  county,  and  to  congrat- 
ulate those  who  have  been  respons  - 
ble  for  its  progress  to  the  high  pos  - 
tion    It    maintains    today.    ,Thf «  .  .^ 
however,  plenty  of  opportunity  for  its 
advancement.     ThU   may   be   accom- 
plished  if  the  tobacco  grower  appre- 
elates   the  significance   of  those  fac- 
tors   which    impair    or    ii^P^ove    the 
burning  quality  of  his  crop  and  upon 
wh^h    its   value   so   largely   depends. 
According  to  Dr.  W.  W.  Garner,  one 
of  the  early  research  workers  In  this 
field     burning    quality    includes    the 
fire-holdlng    capacity    or    the    ^engt^ 
of  time  the  tobacco  will  continue  lo 
g^w^hen  ignited,  the  evenness  and 
completeness  of  combustion,  and  the 

character  of  the  ash.  -egoect 

The  Ideal  conditions  with  r^pecx 
to  burning  quality  appears  to  be  ob- 
tained when  the  tobacco  holds  nre 
wis  80   that  the  smoker  Is  not  an- 
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•BURN'  OF  TOBACCO 
IMPORTMTT  FACTOR 
IN  VALUE  OF  LEAF 

Haley  Offers  Tips  On  Quality; 

Warns  Against  Muriate 

Of  Potash 

rStIf  newspapers  for  the  benefit  of 
'irncLtT  ^oS^ty  U.bacco  powers 
who  produce  more  than  90  per     ceni, 

°'^(^Ke^"^nfi'Sr  '-^riaro^t 
PoT^h  and  its  Relation  to  the  Burn- 
fng  Quality  of   Pennsy  vanla     Clgar- 
tVaf  Tobacco,"  follows  In  full. 
"^The  °  Itlzens  of  Pennsylvania  have 
reason    to    be    proud    of    Its    tobacco 
Jnd^itry    which    U   largely    centered 
KSster  county,  and  to  congrat- 
ulatf  those  Who  have  been  [esPons  - 
ble  for  Its  progress  to  the  h'g°^^' 
tlon    It    maintains    today.     There   W 
^°wever.  P^-^y  of^  oppor  unj.y  f or^Hs 

^lates  tb«  -'8^V\r^,  °L^r^e  the 
tors  which  ,Jj^P?,\i°  crop  and  upon 
burning  quality  ^'J^^'^ely  depends, 
which   Its   value   so   la^e^QP   ^^^ 

According  to  Dr.  W.  W.  ua 
of  the  early  ^esewch  workers  m 

field,  burning  <l"f"*y'''?he  length 
flre-holdlng  ^Xc'o^^U  continue  W 
of  time  the  t*^^"".^.  'venness  and 
&:rerofS;i--  a-  the 

to  burning  quality  appews  ^^^ 

^erao't^ttt^^srorerunotan- 
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noyed  by   the  need  of  either  smok- 
ing rapidly  or  steadily:  when  the  to- 
bacco  burns   evenly,   thereby   reduc- 
ing the   burning  surface  to  a  mini- 
mum:  and   when  the   bun:   U  suffi- 
ciently complete  to  leave  a»B"    co- 
herent ash.  indicating  g<'<'d  ^°«^"^ 
tlon.  leaving  In  the  smoke  only  f^f. 
products  which  Impart  to  It  the  de 
slrable  aroma  and  pungency. 

While  the   tobacco  grower  U  con- 
cerned  primarily  with  yield,  he  ap- 
prec^tel  that  the  sale  of  his  product 
largely     depends    upon    Ite     burnln| 
quillty.      Furthermore,     he^.f^^",^^ 
that  increased  cigar  consumption  lies 
mainly  In  the     betterment     o      «^e 
manufactured  product.  This  Is  largely 
"fluenced  by   the  manner  In  which 
the  tobacco  Is  handled   In  the  Aeld 
and  curing  shed  before  It  enters  the 
manufacturing    plant.   ^,^«     ^nl 
ance  of  the  burning  quality  of  Penii 
svmnla    tobacco    has   been    a;)precl- 
fte^    by    growers,    research    worke>^s_ 
and  cigar   manufacturers.     *«»  re- 
sult,  considerable   progress  has  been 
made   In   fertlUzer   treatment,   which 
Stects  the  yield   and  quality   of   the 
croD      A   number  of  factors  are  in 
volved    in    the   production    of     good 
burnlnglobacco.'^but  the  role  of  pot- 
alh   m   the    fertilizer   mixture    Uol 
^amount  importance.    Experiments 
^ave  shown   that  where   Potfb   ^m 
been   present   In   suitable  quantlt  es. 
^"ln^he  proper  form,  there  results 
tmon«      other      things,      a      thinner. 
Sir  leaf  of  better  burning  qual- 
ity than  where  potash  U  lacking  for 
thU  condition  to  be  obtained,  ^tash 
^„=t    pxceed    the    quantities    of    tne 
^Zr  ola^food  elements  present  in 

?ior  as   to  react  with    certain   com- 
tlon   aa   w)   rcu  Potash   from 

pounds  of    tne   piant.        ^  ^j. 

the  soil   minerals   ^neets   thte   conai 
Hnn    as  It   is  absorbed   from  sucn  a 
J^\.^    in    a   form   closely   approxl- 
medlum   in    a   luim  /^    ^j^  yj^ 

mating  carbonate  of  potash,    ine 


of  carbonate  of  potash  as  a  tobacco 
fertilizer  In  the  form  of  cotton  ^J^" 
ashes,  therefore,  Is  ^^^^^^"^f  ^^^^^ 
sound,  although  other  forms  may 
prove  equally  efficient  If  ^J^^.  °J0J« 
so.  Nitrate  of  potash  is  satisfactory 
aa  a  carrier  of  potash,  although  sul- 
fate  of  potash  is  quite  satisfactory 
and  is  more  commonly  used. 

Muriate  of  potash  Is  e^threly  un- 
satisfactory  as  a  carrier  of  potoh  for 
tobacco.      The    Injurious    effects    of 

muriate   have    long    ^l'^^^''}^, 
by  the  tobacco  growers  of  ^^jcaster 
county.     There    is   now    a   state    law 
prohibiting    the    use    of    ^"^^11^...^ 
Dotash  in  brands  of  tobacco  fertiliz- 
es   thi^  law  haa  met  with  approval 
In'slpl!:  of   this  law    however    ca^s 
have    been    known    In    recent    years 
whlre  muriate  of  potaah  has  been  ap^ 
piled  to  the   tobacco  crop,   not  as  a 
Constituent    of    a    tobacco    fertilizer 

•"'whl^'the    tobacco    grower    rarely 
us^murlate  of  potash  as  a  tobacco 
tertlltor,  in  many  Instances  he  uses 
it  indirectly.     The   common  practice 
is   to  follow   corn    or   legumes   with 
tobacco,  but  cases  are  common  when 
X^o  is  allowed  to  follow  a  c^o^  o 
r>nt.fttoes  or  tomatoes.    If  muriaie  o» 
S^ttlrui  b^  used  for  these  crops 
Crshould  not  be  Allowed  by  to- 
ilcco    Experiments  have  shown  that 
muriate  of   potash   has  been  cabled 
over  in  the  soil  for  at  least  a  yew. 
orirt    in   quantities   sufficient   to   In- 
l^^e  Se^biJmlng  quality  of  the  to- 
bacco grown  on  these  soils, 
^e  fertlll2»r    manufacturers    have 
re^id  thU  condition  and  brands  of 
t^tetTand  tomato  fertilizers  are  on 
C  Vet  m   Which   the   PO  ash  js 

""'^"^  JJfuld  do  well  to  v^e  such  a 
grower  "°"1*  f°^^"o;  tomatoes.   11 

r  ceo  "olC^^ese  crops,  or  Jl 
muriate  of  potash  Is  used,  to  see 
tCt  tbacco  does  not  follow  them 
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Fertilizers  for  Pennsylvania     ^5^^ 
Cigar -Leaf  Tobacco* 

By  D.  E.  Haley f  Department  of  Agricultural  and  Biological  Chemistry,  The  Pennsylvania  State 

College,  State  College,  Pennsylvania 


SEVERAL  years  ago  I  was  one  of  sev- 
eral individuals  who  were  asked  to  ap- 
pear before  a  group  of  fertilizer  manu- 
facturers and  their  representatives  meeting  in 
Lancaster,  Pennsylvania,  to  discuss  the  ques- 
tion of  a  rational  fertilizer  for  Pennsylvania 
cigar-leaf  tobacco.  It  was  hoped  that  the  dif- 
ferent manufacturers  might  formulate  a  mix- 
ture which,  in  the  opinion  of  the  State  and 
Federal  workers,  would  meet  the  average 
conditions  under  which  tobacco  is  grown  as  to 
yield,  and  also  satisfy  the  demands  of^  the 
cigar  manufacturer  as  to  quality.  Realizing 
the  impossibility  of  choosing  a  single  formula 
which  would  meet  all  conditions  in  Lancaster 
County,  which  is  the  center  of  the  cigar-leaf 
industry  of  Pennsylvania,  we  recommended 
that  a  3-5-12  mixture  be  used  at  the  rate  of 
1,000  pounds  per  acre,  with  approximately  10 
tons  of  manure. 

We  had  good  reasons  for  making  this  rec- 
ommendation. For  generations  most  of  the 
tobacco  soils  involved  had  received  liberal  ap- 
plications of  stable  manure.  This  was  applied 
immediately  before  the  tobacco  crop,  which, 
in  many  cases,  received  no  other  fertilizer. 
Under  such  conditions,  the  effect  of  nitrogen 
overshadowed  the  other  necessary  fertilizing 
elements,  hence  a  crop  was  produced  that  was 
quite  susceptible  to  various  diseases  in  the  field, 
and  failed  to  meet  the  demands  of  the  cigar 
manufacturer  from  the  standpoint  of  burning 
quality.  Therefore,  we  called  for  a  fertilizer 
having  a  low  nitrogen  content. 

Part  of  the  three  units  of  nitrogen  was  to 
be  nitrate  of  soda,  although  nitrate  of  potash 
might  have  proved  more  satisfactory.  The 
remainder  was  to  be  from  cottonseed  meal. 
This  mixture  provides  a  readily  available  form 
of  nitrogen  for  the  young  plant.  Cottonseed 
meal  has  always  proved  desirable  as  a  carrier 
of  part  of  the  nitrogen  for  tobacco. 

We  recommended  what  was  thought  was  the 
absolute  minimum  of  phosphoric  acid,  know- 
ing that  in  the  majority  of  cases  a  higher 
quantity  might  be  used  to  advantage.  Not- 
withstanding the  fact  that  the  phosphoric  acid 
content  of  Lancaster  County  tobacco  soils  is 
quite  low,  the  farmer  is  loath  to  use  any  more 
than  a  bare  minimum,  because  of  the  cost. 
This  holds  for  the  other  constituents  as  well. 
We  recommend  what  appears  to  be  the  max- 
imum quantity,  or  twelve  units  of  potash. 
This  is  a  limiting  factor  in  many  of  these  soils. 
Owing  to  the  high  lime  content,  the  availability 
of  this  element  appears  to  be  reduced  to  a  min- 

*  Paper  presented  before  the  Sales  Meeting  of  The  National 
Fcitilizer  Association  in   Philadelphia,  January   18.    1937. 


imum.  An  adequate  supply  of  potash  insures 
increased  resistance  to  disease  and  aids  in  the 
retention  of  water  by  the  plant  through  the 
formation  of  cutin. 

The  chief  reason  for  the  recommendation 
on  potash,  however,  was  that  this  element  en- 
hances the  burning  quality  of  tobacco.  It  is 
the  opposite  of  nitrogen  in  this  respect,  and 
satisfies  the  most  outstanding  demand  of  the 
cigar  manufacturer,  who  is  able  to  manufac- 
ture a  product  which  will  meet  the  approval  of 
the  smoker  if  the  tobacco  possesses  good  burn- 
ing qualities. 

Our  recommendations  found  ready  accept- 
ance. The  manufacturers  immediately  placed 
a  3-5-12  mixture  on  the  market.     During  the 

1935  and  1936  growing  seasons  I  visited  about 
500  representative  farms  in  different  parts  of 
Lancaster  County.  In  many  cases  manure 
alone  was  still  being  used  for  tobacco.  Ma- 
nure is  a  very  good  source  of  organic  matter, 
and  I  believe  that  the  chances  of  producing  a 
good  crop  are  more  nearly  insured  by  its 
presence  than  by  its  absence.  In  no  case, 
however,  have  I  noted  a  crop  of  good  quality 
where  manure   alone   was   used.     During  the 

1936  season  we  obtained  rather  striking  re- 
sults by  reenforcing  manure  with  a  2-4-12 
fertilizer  applied  at  the  rate  of  1,000  pounds 
per  acre  where  the  availability  of  phosphorus, 
as  measured  by  the  so-called  ''quick  tests",  was 
relatively  high. 

I  was  surprised  to  note  that  in  some  in- 
stances the  only  application  made  to  the  field 
was  ground  limestone,  and  this  in  spite  of  the 
facts  that  these  soils  were  alkaline  in  reaction. 

In  some  cases  the  3-5-12  mixture  was  used 
without  manure,  although  it  was  never  recom- 
mended by  us  that  it  be  used  in  this  way.  In 
a  majority  of  cases,  only  small  quantities  of 
this  mixture  were  used— 200,  250,  300  or  400 
pounds  per  acre.  Since  not  less  than  50 
pounds  of  phosphoric  acid  should  be  applied 
such  small  quantities  of  this  mixture  wouk 
exercise  very  little  influence  on  the  yield,  and 
perhaps  on  the  quality  also.  In  the  few  in- 
stances where  the  3-5-12  fertilizer  was  used  in 
the  way  it  was  intended,  very  favorable  re- 
sults were  obtained. 

In  our  field  experiments  at  Roseville,  we 
have  been  able  to  produce  excellent  quality 
and  yield  without  the  use  of  stable  majiure, 
using  a  6-8-12  fertilizer  at  the  rate  of  1,00U 
pounds  per  acre.  In  this  mixture  one-third 
of  the  nitrogen  is  supplied  as  nitrate  of  so  a 
and  the  remainder  as  cottonseed  meal,  me 
phosphoric  acid  is  supplied  as  16  Pf^^  f "; 
superphosphate  and  the  potash  as  sulphate  ot 


potash.  In  every  instance  better  results  were 
obtained  when  this  fertiUzer  was  applied  to 
the  row  one  week  prior  to  transplanting,  rather 
than  broadcast.  Excellent  results  have  been 
obtained  by  the  reenf  orcement  of  manure  with 
a  3-8-12  fertilizer  applied  at  the  rate  of  1,000 
pounds  per  acre. 

Improvement   in  the  tobacco   industry   will 
only  come  when  there  is  close  cooperation  be- 
tween research   workers,   the  cigar  manufac- 
turers, those  who  are  interested  in  the  manu- 
facture  and   sale   of    fertilizers,   and   tobacco 
growers.     It  will  be  futile  for  us  to  say  what 
constitutes   a   good   tobacco    fertilizer    if    the 
o-rowers  will  not  use  it  and  in  the  proper  quan- 
tity.   There  has  been  an  increased  demand  in 
recent   years    for    cigars   containing   Pennsyl- 
vania tobacco,  but  the  continuance  of  this  de- 
mand will  depend  in  a  large  measure  on  qual- 
ity.   Under  normal  conditions  quality  appears 
to  be  controlled  by  the  tobacco  grower  him- 
self, especially  by  his  attitude  towards  the  fer- 
tilizing of  the  crop.    With  this  in  mind,  I  will 
discuss  a  few  of  the  important  angles  of  this 
problem. 

The  Use  of  Manure 

Manure  has  been  used  largely  in  the  past 
and  will  continue  to  be  used.    The  use  of  ma- 
nure should  not  be  discouraged.     It  is  an  un- 
balanced  fertilizer  at  best  and  should  be  re- 
enforced,  especially  with  phosphoric  acid  and 
potash.     The  reversion  of  phosphoric  acid  is 
retarded    by    its   use;    this    is   an    advantage. 
Neither  should  we  minimize  the  effect  it  has 
on   the  physical    condition   and   water-holding 
power  of  the  soil.     The  Pennsylvania  tobacco 
grower    has    an    advantage    over    the    Puerto 
Rican  grower,  since  the  latter  has   no  cheap 
source   of   organic   matter   and   must   rely   on 
mineral  fertilizers  alone.     When  and  if,  how- 
ever, wc  succeed  in  divorcing  the  grower  from 
the  idea  of  using  manure  alone,  an  important 
step  will  have  been  taken  in  the  right  direction. 

The  Use   of  Phosphoric   Ari<l 

I  question  the  wisdom  of  adding  less  than 
50  or  more  than  80  pounds  of  phosphoric 
acid  per  acre.  Examination  of  our  Lancaster 
County  soils  shows  a  lack  of  available  phos- 
plioric  acid  except  where  annual  applications 
of  organic  materials  have  been  made.  Care 
should  be  taken,  however,  to  properly  balance 
this  constituent  with  respect  to  nitrogen  and 
potash. 

The  Use  of  Nitrogen 

The  tobacco  plant  requires  large  ([uantities 
of  nitrogen,  but  there  is  danger  of  supplying 
too  much  of  this  element.  During  1935  we 
treated  some  plots  with  a  9-8-6  fertilizer  ap- 
plied at  the  rate  of  1,000  pounds  per  acre. 
The  result  \\as  that  the  burning  quality  was 
reduced  to  a  minimum  but  compared  favorably 
with  plants  receiving  manure  alone.  Even 
when  the  constituents  are  better  balanced,  our 
results  show  that  in  the  majority  of  cases  no 
more  than  60  pounds  of  nitrogen  to  the  acre 


need  be  added.  This  may  be  reduced  to  a 
minimum  in  some  cases.  The  greatest  quan- 
tity of  nitrogen  found  in  tobacco  grown  on 
our  three-year  rotation  plots  was  from  a  plot 
receiving  0-8-12  fertilizer,  applied  at  the  rate 
of  1,000  pounds  per  acre.  In  this  instance, 
however,  alfalfa  preceded  tobacco.  Plowing 
under  clover  also  enhances  the  nitrogen  con- 
tent of  the  crop. 

The  question  of  too  much  nitrogen  is  one 
of  our  most  serious  problems.  This  condition 
appears  to  be  paralleled  to  Puerto  Rico,  where 
conditions  favor  the  fixation  of  atmospheric 
nitrogen,  since  bacteria  may  work  at  an  op- 
timum temperature  throughout  the  entire  year. 
The  most  common  fertilizer  used  there  is  a 
6-7-8  mixture  applied  at  the  rate  of  800  pounds 
per  acre,  but  this  is  not  satisfactory  since  the 
yield  averages  no  more  than  600  pounds  per 
acre. 

The  Use  of  Potash 

We  have   found   many   areas   in   Lancaster 
County  where  potash  is  the  limiting  factor  of 
growth,  and  additions  of  potash  have  increased 
yields.     In  many  cases,  however,  the  potash 
concentration  in  the  soil  appears  to  be  suffi- 
cient   for  good   yields    without    further   addi- 
tions, but  the  tobacco  is  of  inferior  quality. 
Under    these    conditions,    adding    potash    in- 
creases   the   production    of    "wrappers"    over 
''fillers",    and    improves    the    burning    quality 
more  than  the  addition  of  any  other  element. 
The   form   of   potash   must   be   considered. 
While  chlorine  has  been  ''outlawed"  from  to- 
bacco fertilizers,  nevertheless  some  muriate  of 
potash  is  used.     Tobacco  so  treated  does  not 
command   a  good    sale.      We  caution   against 
the  use  of  muriate  of  potash  either  to  the  to- 
bacco crop  or  to  crop  preceding  tobacco.  There 
is   danger   in    following   potatoes   or  tomatoes 
with   tobacco   if   nniriate   of   potash   has  been 
used  in  fertilizing  these  crops. 

The  Cost 
This    is    of    paramount    importance.      The 
farmer  will  use  fertilizer  only  when  and  if  he 
hnds  that  it  is   advantageous   for  him   to   do 
so.     This  is  governed  to  a  certain  degree  by 
the  price  he  receives  for  his  product.     On  the 
other    hand,    the    poptilarity    of    Pennsylvania 
tobacco   is  evidenced  in  the   form  of   a  good 
five-cent   cigar.     Under  these   conditions,   the 
manufacturers    will    not    pay    a    price    which 
would    force    them   to    charge   more    for    the 
cigars;  in   all  probability  sales   would  be   re- 
tarded, affecting  not  only  their  own  prosperity 
but  also  that  of  the  grower.     The  prices  paid 
for  good  tobacco,   however,   should   be   suffi- 
cient and  has  been   sufficient  to  warrant  the 
farmer  using  fertilizers  intelligently  and  at  a 

liberal  rate. 

In  conclusion,  I  see  no  valid  reason  why  a 
brand  of  fertilizer  for  Pennsylvania  tobacco 
should  not  have  a  wide  ratio,  and  contain  more 
phosphorus  than  nitrogen,  and  more  potash 
than  phosphoric  acid.  The  use  of  a  narrow 
ratio  is  not  to  be  recommended. 
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The  Agricultural  Future 

of  Puerto  Rico 


By  D.  E.  Haley 

Pennsylvania  State  College  of  Agriculture,  State  College,  Pennsylvania 


A  VISITOR  to  Puerto  Rico  soon 
realizes  that  he  is  enjoying  a  rare 
privilege.  As  the  ship  nears  the  north- 
ern coast,  plowing  through  the  deep- 
est waters  in  the  seven  seas,  the  first 
view  of  the  Island  is  of  rugged  moun- 
tain ranges,  which  extend  east  to  west 
through  the  interior.  These  do  not 
exceed  4,400  feet  in  height,  but  are 
quite  distinctive  and  beautiful,  with 
rather  sharp  peaks  and  ridges,  covered 
with  vegetation.  Graceful  cocoanut 
palms,  with  occasional  royal  palms, 
fringe  the  Island.  To  one  who  views 
tropical  vegetation  for  the  first  time, 
the  experience  is  long  to  be  remem- 
bered. As  seen  by  Columbus  (this  was 
the  only  "American"  soil  he  visited) 
it  must  have  been  even  more  beauti- 
ful. Some  of  the  native  forests  still 
stand.  One  on  the  summit  of  El 
Yunque  Mountain  hi 
said  to  be  the  most  out-jj 
standing  example  of  a 
rain  forest  in  the  world. 
Here  giant  ferns  grow 
over  20  feet  high. 

As  the  steamer  ap- 
proaches the  splendid 
port  of  San  Juan,  the 
largest  city  on  the  Is- 
land and  the  point 
where  most  visitors 
land,  there  appears  on 
the  sky  line  the  rugged 
outlines  of  Morro 
Castle.  This  fortress, 
which  is  also  beautiful 
in  architectural  design, 

played    a    prominent  The  Federal  Experiment  SUtion  at  Mayagnes. 


part  in  the  early  history  of  Puerto 
Rico.  It  was  here  that  Drake,  Haw- 
kins, and  Cumberland  were  repulsed 
when  they  tried  to  capture  San  Juan 
from  the  sea.  It  was  here  that  a  shot 
was  fired  at  a  German  ship  during  the 
World  War;  this  was  the  only  shot 
fired  at  an  enemy  from  American  soil 
during  that  war.  Close  to  Morro 
Castle  is  the  Governor's  Palace,  a  mar- 
velous structure  rich  in  historical 
background.  It  now  is  occupied  by 
the  Hon.  Blanton  Winship,  the  Gov- 
ernor of  the  Island,  an  able  and  con- 
scientious administrator,  of  whom 
Americans  may  well  be  proud. 

Not  far  from  the  point  of  disem- 
barkation is  the  cathedral  in  which 
are  the  bones  of  Ponce  de  Leon,  who 
sought  to  find  in  the  New  World  the 
'Tountain   of   Eternal   Youth."     Ac- 


cording  to  some  enthusiasts,  his  mis- 
sion would  have  been  partially  ful- 
filled if  he  had  discovered  Coamo 
Springs  in  southern  Puerto  Rico,  the 
medicinal  value  of  which  is  interna- 
tionally recognized. 

San  Juan  is  a  very  interesting  city, 
and  is  rich  in  history  and  traditions. 
If  one  expects  to  find  here  the  mod- 
ern conveniences  of  an  American  city, 
he  is  doomed  to  disappointment.  The 
Spanish  rather  than  the  American 
type  of  architecture  will  no  doubt 
prevail  for  years  to  come. 

Puerto  Rico  is  said  to  have  both  a 
summer  and  a  winter  season.     To  a 
visitor  from  the  American  mainland, 
however,  it  seems  to  have  but  one  con- 
tinuous summer  season.     If  the  Island 
is  visited  during  the  so-called  summer 
season  and  an  auto  ride  is  taken  into 
the   interior,   the   highways   are   lined 
with  flamboyants  which  form  a  beau- 
tiful   archway   over   the    road.      Fra- 
grant,    scarlet     flowers     cover     these 
trees;  the  petals  slowly  fall  and  blanket 
the  road.     It  is  a  driveway  of  "living 
fire;"    the    wind,    lifting    the    fallen 
petals,  gives  a  weird  effect  of  '^pulsing 
flames." 

Unrivaled  Scenery 

At   some   points,   especially   on   the 
old  Spanish  Military  Road,  one  rides 
dangerously  near  the  edge  of  a  bare 
precipice.     At  other  points  from  high 
elevations  there  is  a  view  of  scenery 
not   dupHcated   in  any  other  part  of 
the  world.     One  of  these  high  points 
is  Las  Mesas,  near  the  city  of  Maya- 
guez,   where   the   Federal   Experiment 
Station  (headed  by  Dr.  Atherton  Lee) 
and   the  Agricultural  College   are   lo- 
cated.    If  this  is  viewed  at  the  time 
of  a  gorgeous  Puerto  Rican  sunset,  the 
grandeur    of    the    scene  —  mountains, 
lowlands,   and    the   sea  —  beggars   de- 
scription.     It    may    be    fittingly    de- 
scribed only  by  a  poet,  an  artist,  or 
romanticist — certainly    not   by    a    sci- 
entist. 

The  wild  life  found  in  similar  trop- 
ical  regions  elsewhere  is   absent   here. 


A  stillness  permeates  the  Island.  It 
impUes  peace.  But  the  Island  has  not 
always  been  peaceful.  In  the  early 
days,  the  Caribs,  the  most  warlike  of 
American  Indians,  were  found  here. 
They  fought  the  Boriqueiios — people 
from  Boriquen,  "Fatherland  of  Valiant 
Men,"  and  other  Indians,  as  well  as 
the  whites  who  discovered  and  col- 
onized Puerto  Rico. 

Continuous  Growing  Season 

Records  at  San  Juan  show  a  mean 
temperature  of  77.9°  F.,  a  maximum 
of  94°  F.,  and  a  minimum  of  62°  F. 
This  is  characteristic  of  the  lowlands, 
but  it  is  cooler  in  the  mountains.    No- 
where, however,  has  frost  been  known. 
This  temperature  assures  the  Island  of 
a  continuous  growing  season,  but  some 
plants  thrive  better  at  one  time  of  the 
year  than  at  another.     The  sunshine 
is  brighter  and  more  active  in  Puerto 
Rico  than  on  the  American  mainland, 
since  there  are  less  dust   particles  to 
obstruct  the  rays.     It  is  interesting  to 
note   that    there   is   an   average   daily 
illumination  equal  to  10.9  hours,  not- 
withstanding the  cloudiness  of  many 
rainy  days. 

In  the  Luquillo  Mountains  the  rain- 
fall averages  145  inches  annually.    At 
Ensenada,  in  the  western  end  of  the 
south   coastal   plain,   it   is   26   inches. 
Here,  and  in  certain  other  areas,  irri- 
gation is  practiced.     On  the  average 
the  rainfall  is  ample  over  the  major 
part  of  the  Island.     Excess  rainfall  is 
now  turned  into  an  asset,  being  used 
for  the  generation  of  electric  power. 
The  time  is  not  far  distant  when 
illiteracy    will    be    unknown.      Even 
now,  most  of  the  laborers  are  literate. 
Puerto  Ricans  are  the  soul  of  hospi- 
tality.    Contrary  to  what  one  might 
expect   of    those   living   in   a   tropical 
environment,    the    people    are    hard- 
working and  ambitious.     They  are  an 
agricultural  people  and  are  willing  to 
undergo  hardships  in  order  to  obtain 
a  living  from  the  soil. 

Puerto    Rico    is    one    of    the    most 
densely  populated  areas  on  the  earth, 


Above:   Tobacco   is   the  second  lars^est  export  crop   of   Puerto   Rico.     This  scene   taken   from   a 
typical  farm  shows  the  soil   ready  for  planting.     Below:   Sweet  potatoes  grrowinff   in   the   fore- 
ground, with  sugar  cane,  the  largest  export  crop,  furnishing  an  appropriate  background. 
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Above:  A  "hacienda"  coffee  farm  near  Ponce.     Below:  Fields  of  pineapple  contribute  to  the 

picturesquenees  of  the  landscape. 


Above:  A  tobacco  district  in  the  La  Plata  Valley.     Below:  Cucnmbers  grrowinar  on  the  Garcia   > 

farm  located  between  San  Jaan  and  Ca^as. 
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having  501  persons  per  square  milc^ 
one  to  every  1.42  acres,  one  to  every 
0.79  acre  of  improved  land,  and  one 
to  every  0.49  acre  of  cultivated  land. 
The  population  increased  18.7  per  cent 
from  1920  to  1930.  The  people  speak 
both  English  and  Spanish  and  uphold 
the  ideals  and  culture  of  both  nations. 
They  are  as  familiar  with  Shakespeare 
as  with  Cervantes. 

The  people  love  their  homeland,  and 
rightly  so.  While  some  have  located 
in  New  York  City  and  certain  other 
parts  of  the  United  States,  relatively 
few  leave  the  Island  to  seek  a  living 
elsewhere.  With  justifiable  pride  they 
call  their  homeland  "The  Paradise  of 
the  Atlantic." 

Usually  tropical  soils  of  varying  de- 
grees of  elevation  are  eroded  to  a 
marked  extent.  This  is  not  true  in 
Puerto  Rico.  In  the  tobacco  areas  of 
Caguas,  Cayey,  Comerio,  Corozal, 
Cidra,  Ciales,  and  elsewhere,  soils  cul- 
tivated are  on  slopes  of  45  degrees  or 
more,  yet  in  very  few  instances  dees 
erosion  occur.  This  is  due,  in  large 
measure,  to  the  nature  of  the  soil  and 
to  its  comparative  freedom  from 
quartz  grains. 

Variety  of  Soils 

There  is  a  wide  variety  of  soil  types 
due  to  rough  topography,  native  vege- 
tation and  its  uneven  distribution,  the 
unusual  amount  of  precipitation,  and 
the  varying  nature  of  the  parent  ma- 
terial. In  the  northern  coastal  plain 
the  soils  are  redder,  more  matured,  and 
more  leached  of  soluble  salts  than  in 
many  other  areas. 

It  would  be  difficult  to  find  more 
fertile  soils,  or  soils  more  suitable  for 
cultivation,  than  those  of  the  low- 
lands. These  are  to  a  considerable 
extent  alluvial  in  origin.  It  is  in  this 
locality  that  the  greatest  export  crop 
of  the  Island,  sugar  cane,  is  grown. 
Sugar  cane  also  is  grown  on  soils  of 
slightly  higher  elevation,  where  to- 
bacco   was    formerly     grown.       This 


further  reduces  the  acreage  which  is 
devoted  to  tobacco,  which  is  the  sec- 
ond largest  export  crop. 

The  topography  of  the  soil  renders 
it  difficult  to  sterilize  seed-beds  prop- 
erly, although  the  method  now  used 
has  proved  markedly  efficient.  More- 
over, the  soils  are  rather  difficult  to 
cultivate  on   account  of   their  steep- 


ness. 


Hurricanes  (from  Hurican,  a  Carib 
Deity)  are  matters  for  concern,  espe- 
cially from  the  standpoint  of  the  de- 
struction of  curing  sheds;  this  presents 
an  almost  insurmountable  difficulty. 

Soil  Fertility 

The  greatest  problem  of  the  tobacco 
grower,  however,  is  that  of  the  fer- 
tility of  the  soil.  Because  of  the  rela- 
tively high  temperature  and  the  heavy 
rainfall,  the  tobacco  soils  have  been 
depleted  of  available  nutrients  to  a 
considerable  extent.  This  holds  true 
for  other  soils  on  the  Island  as  well, 
with  the  result  that  in  193  5  there 
were  imported  70,783  tons  of  fer- 
tilizer, valued  at  $1,434,415.  Much  of 
this  was  used  for  fertilizing  tobacco. 

Because  of  the  favorable .  conditions 
for  nitrogen  fixation,  these  soils  con- 
tain a  considerable  quantity  of  this 
element.  A  6-7-8  fertilizer  for  to- 
bacco is  used  in  most  cases.  This  ap- 
pears to  have  too  narrow  a  ratio  for 
cigar-leaf  tobacco?  a  higher  unitage  of 
potash  would  doubtless  prove  as  bene- 
ficial here  as  it  has  in  other  localities 
where  cigar-leaf  tobacco  is  grown. 

The  Department  of  Agriculture  and 
Commerce,  headed  by  Commissioner 
R.  Menendez  Ramos,  who  has  a  well- 
trained  staff,  has  established  a  Tobacco 
Institute,  in  which  the  most  important 
phases  of  the  tobacco  industry  of 
Puerto  Rico  are  studied.  Dr.  J.  A.  B. 
NoUa,  Assistant  Commissioner  of 
Agriculture  and  Commerce,  has  played 
a  very  active  and  notable  role  in  to- 
bacco research  in  recent  years. 

At  the  Insular  Experiment  Station, 
studies  of  Puerto  Rican  soils  are  now 
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being  made.  This  work  is  under  the 
supervision  of  Director  Lopez  Domin- 
guez,  who  has  a  staflf  of  outstanding 
scientists,  among  whom  may  be  men- 
tioned Dr.  J.  A.  Bonnet,  who  is  recog- 
nized as  an  authority  on  tropical  soils. 
The  value  of  the  research  indicated 
cannot  be  over-emphasized.  Puerto 
Rico  is  essentially  an  agricultural  area 
and  has  been  so  since  the  early  days 
of    colonization.      While    considerable 


attention  has  been  given  in  recent 
years  to  the  processing  of  agricultural 
products,  to  manufacturing,  fishing, 
and  the  mineral  industries;  neverthe- 
less, the  future  of  Puerto  Rico  seems 
to  depend  largely  on  the  sugar,  to- 
bacco, and  other  agricultural  interests. 
The  rise  or  fall  in  the  value  of  agricul- 
tural export  crops  is  very  closely  asso- 
ciated with  the  well-being  of  this  agri- 
cultural people. 
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FUETHER  STUDIES  CONCERNING  THE  FORMATION 
OF  THE  B-VITAMINS  IN  THE  DIGESTIVE 

TRACT  OF  THE  RAT  ^ 

N.  B.  GUERRANT,  R.  ADAMS  DUTCHER  AND  RAYMOND  A.  BROWN 
Department  of  Agricultural  and  Biological  Chemistry,  Pennsylvania  State  College 

(Received  for  publication  September  22,  1936) 

In  previous  publications  (Guerrant  and  Dutcher,  '34  a,  b) 
it  was  shown  that,  under  certain  experimental  conditions, 
dextrinized  cornstarch  exhibited  unusual  dietary  properties 
when  compared  with  sucrose  or  with  the  cornstarch  from 
which  the  dextrinized  starch  was  prepared.  The  unusual 
growth  responses  made  by  young  rats  while  receiving  diets 
deficient  in  the  vitamin  B  complex  and  containing  dextrinized 
cornstarch  as  the  source  of  carbohydrate  have  been  definitely 
associated  with  a  characteristic  condition  existing  in  the  diges- 
tive tract  of  these  animals.  It  has  been  demonstrated  that 
under  such  conditions  the  rat  is  able  to  synthesize,  in  the 
lower  digestive  tract,  such  dietary  essentials  as  are  necessary 
to  supplement  the  vitamin  B  complex  deficient  diet.  However, 
in  order  for  the  rat  to  obtain  maximum  benefits  from  the 
products  thus  synthesized,  it  is  necessary  that  the  animal 
ingest  its  excreta,  especially  the  feces. 

We  have  shown  (Guerrant,  Dutcher  and  Tomey,  '35)  that 
the  elaboration  of  these  dietary  supplements,  by  the  rat,  takes 
place  in  the  region  of  the  cecum  and  it  was  suggested  that 
this  elaboration  is  probably  due  entirely  to  the  action  of  cer- 
tain microorganisms.  The  marked  regularity  of  the  synthesis 
of  these  dietary  supplements  when  the  rat  receives  the  dex- 

*  Authorized  for  publication  on  July  31,  1936,  as  paper  no.  735  in  the  journal 
series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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trinized  cornstarch  diet,  and  the  almost  complete  lack  of  such 
synthesis  when  comparable  diets  containing  either  sucrose  or 
cornstarch  are  fed,  led  us  to  conclude  that  the  above  phe- 
nomena are  due  indirectly  to  differences  in  rapidity  of  diges- 
tion and  subsequent  absorption  of  these  carbohydrates. 
Although  it  has  been  frequently  observed  that,  under  com- 
parable conditions,  greater  quantities  of  dextrinized  corn- 
starch reach  the  cecum  than  do  either  sucrose  or  unheated 
starch,  much  remains  to  be  learned  concerning  the  physio- 
logical processes  associated  with  the  digestion  and  the 
utilization  of  various  forms  of  carbohydrates.  The  brief 
experiments  herein  reported  were  carried  out  with  the  view 
of  obtaining  further  information  concerning  this  interesting 
and  important  problem. 

EXPERIMENTAL 

The  investigations  of  Whipple  and  Church  ('35)  have  sug- 
gested that  the  marked  contrast  in  the  deportment  of  young 
rats  receiving  vitamin  B  complex  deficient  diets  containing 
starch,  as  compared  to  other  rats  receiving  comparable  diets 
containing  sucrose  as  the  source  of  carbohydrate,  might  be 
due  to  the  small  quantity  of  fatty  materials  held  by  the  starch 
particles.  Such  an  explanation  might  appear  to  be  adequate 
insofar  as  accounting  for  the  differences  in  the  nutritive 
properties  of  dextrinized  starch  and  sucrose,  but  is  wholly 
inadequate  to  account  for  a  similar  difference  in  the  nutritive 
behavior  of  the  dextrinized  starch  diets  and  the  untreated 
starch  diets,  the  latter  being  more  comparable  to  sucrose- 
containing  diets  in  their  nutritive  behavior  than  to  the  dex- 
trinized starch  diets.  It  does  appear,  however,  that  an 
appreciable  quantity  of  fat  in  the  diet  might  affect  the  carbo- 
hydrate digestion,  thus  changing  the  nature  of  the  micro-flora 
of  the  lower  intestinal  tract,  thereby  affecting  the  synthesis 
of  the  dietary  supplements.  In  fact  it  would  seem  that  the 
inclusion  of  any  substance  or  substances  in  the  diet  which 
would  retard  the  absorption  of  the  carbohydrate  from  the 
digestive  tract  might  be  a  contributing  factor. 


V 


In  order  to  study  the  influence  of  definite  quantities  of  fat 
on  the  synthesis  of  the  dietary  substances  in  the  digestive 
tract  of  the  rat,  three  diets  containing  sucrose  as  the  source 
of  carbohydrate  were  used  (diets  369,  370  and  371).  As  will 
be  observed  from  table  1,  these  diets  were  of  similar  com- 
position and  differed  only  in  that  diets  370  and  371  contained 
10  and  20%,  respectively,  of  hydrogenated  cottonseed  oil  in 
place  of  an  equal  weight  of  sucrose. 

TABLE   1 
Giving  the  percentage  composition  of  the  various  diets  used  in  the  investigation 


DIETS 

349 

18 

356 
18 

369 
18 

370 
18 

371 
18 

372 
10 

373 
10 

374 
18 

375 

18 

376 

Purified  casein 

18 

Salt  mixture 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CeUU  flour 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Cod  liver  oil 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Dextrin  (autodaved  4  hours) 

74 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cornstarch 

0 

74 

0 

0 

0 

0 

0 

0 

0 

0 

Sucrose 

0 

0 

74 

64 

54 

0 

0 

0 

0 

0 

Hydrogenated  cottonseed  oil 

0 

0 

0 

10 

20 

0 

0 

0 

0 

0 
0 

White  bread 

0 

0 

0 

0 

0 

82 

0 

0 

0 

Brown  bread 

0 

0 

0 

0 

0 

0 

82 

0 

0 

0 

Corn  flakes 

0 

0 

0 

0 

0 

0 

0 

74 

0 

0 

Dextrin  (autoclaved  8  hours) 

0 

0 

0 

0 

0 

0 

0 

0 

74 

0 

rr  A 

Dextrin  (autoclaved  12  hours) 

0 
100 

0 
100 

0 
100 

0 
100 

0 
100 

0 
100 

0 
100 

0 
100 

0 
100 

74 

100 

Since  the  inclusion  of  dextrinized  starch  (starch  which  had 
been  moistened  with  0.1%  solution  of  citric  acid,  autoclaved 
for  4  hours  under  15  pounds  of  pressure  and  dried)  in  the 
diet  of  the  rat  had  been  found  to  result  in  a  very  marked 
increase  in  the  biological  value  of  the  feces,  it  appeared  im- 
portant to  know  whether  further  autoclaving  of  the  starch 
would  bring  about  more  marked  changes  in  this  direction. 
To  test  this  out,  four  equal  portions  of  cornstarch  were 
weighed  out,  of  which  three  portions  were  mixed  with  equal 
quantities  of  the  dilute  citric  acid  solution  in  the  usual  manner 
and  autoclaved  under  15  pounds  of  pressure  for  4,  8  and  12 
hours,  respectively.    The  three  portions  of  autoclaved  starch 
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and  a  fourth  portion  of  untreated  starch  were  placed  simul- 
taneously in  a  large  drying  oven  where  they  were  kept  until 
rendered  free  from  moisture.  "When  dry,  each  of  the  four 
portions  was  pulverized  and  incorporated  into  comparable 
diets  (diets  356,  349,  375  and  376). 

The  better  nutritional  deportment  observed  among  those 
animals  which  received  the  dextrinized  starch  diets  in  earlier 
experiments  was  apparently  due  to  certain  changes  in  the 
carbohydrate  brought  about  by  its  treatment  with  heat.  It, 
therefore,  seemed  possible  that  similar  changes  in  the  carbo- 
hydrate fraction  might  be  brought  about  in  the  baking  of 
bread.  If  such  happened  to  be  the  case,  a  well-browned  loaf 
might  be  expected  to  exhibit  superior  nutritional  value.  In 
order  to  investigate  this  particular  problem,  forty  fresh 
loaves  of  bread,  purchased  on  the  local  market,  were  used. 
Each  loaf  of  bread  was  separated  into  two  portions;  the 
brown  crusty  exterior  and  the  white  spongy  interior.  The 
two  bread  portions  were  dried  at  room  temperature,  pulver- 
ized and  incorporated  into  diets  372  and  373  as  sources  of 
carbohydrate.  In  order  to  have  the  protein  content  of  these 
diets  comparable  to  those  previously  mentioned,  the  casein 
content  was  reduced  from  18  to  10%,  as  will  be  observed  from 
table  1. 

Continuing  the  reasoning  along  the  same  general  line,  it 
would  appear  that  a  highly  dextrinized  product  such  as  corn 
flakes  might  exhibit  very  unusual  dietary  properties  when 
fed  to  rats  in  vitamin  B  complex  deficient  diets  as  a  source  of 
carbohydrate.  A  quantity  of  this  product  was,  therefore, 
purchased  on  the  local  market,  dried,  pulverized  and  incorpo- 
rated in  diet  374  in  the  proportions  given  in  table  1. 

In  the  nutritional  studies  each  of  the  above  described  diets 
was  fed  to  two  comparable  groups  of  young  rats  (six  rats 
per  group),  in  one  group  of  which  the  animals  had  access  to 
their  own  feces  and  in  the  other  group  the  animals  were 
denied  access  to  any  excreta.  All  animals  were  caged  in 
individual  metal  cages  which  were  provided  with  coarse  screen 
bottoms.    Fresh  water  and  a  liberal  quantity  of  the  respective 


FORMATION    OF   B-VITAMINS   IN    THE    RAT 


309 


t 


llf, 

I'' 

It-'. 

'i 


>  >*• 


V 


r 


♦» 


i 


'*.! 


i«l  > 


it 


I 


diet  were  kept  before  each  animal  at  all  times.    Body  weight 
changes  and  food  consumption  were  recorded  at  weekly  m- 
tervals.    The  feces  from  one  group  of  animals  receivmg  each 
diet  were  scraped  from  the  cage  pans,  placed  in  a  small 
earthenware  container  and  returned  to  the  cage  daily.    The 
feces  from  the  second  group  of  animals  were  removed  from 
the  cage  pan  daily,  the  number  of  pellets  counted  and  then 
stored  in  group  containers  under  ether,  a  different  container 
being  used  for  each  group  of  rats  every  week.     This  pro- 
cedure was  followed  for  6  weeks  for  all  animals  except  those 
which  died  before  the  end  of  this  period. 

At  the  end  of  the  experiment,  all  weekly  collections  of  feces 
were  extracted  by  shaking  successively  with  four  100  ml.  por- 
tions of  ethyl  ether,  dried,  weighed  and  their  reducmg  value 
determined  by  the  A.O.A.C.  method  ( '24)  for  the  determina- 
tion of  starch  and  other  hydrolyzable  carbohydrates  of  feed- 
ing stuffs. 

Data 

Although  the  experiments  were  continued  for  a  period  of 
6  weeks,  the  mortality  among  certain  groups  of  animals  dur- 
ing the  fifth  and  sixth  weeks  makes  it  difficult  to  compare  the 
responses  made  by  the  several  groups  of  animals  durmg  the 
entire  experimental  period.  In  order,  therefore  to  eliminate 
the  factor  of  mortality  from  a  consideration  of  the  results, 
only  the  data  obtained  during  the  first  4  weeks  of  the  experi- 
mental period  are  given.  These  data  have  been  condensed 
and  are  given  in  table  2.  The  incidence  of  mortehty  during 
the  last  2  weeks  of  the  experimental  period  will  be  discussed 
in  a  subsequent  paragraph. 

BISCUSSION 

It  will  be  observed  from  the  data  presented  in  table  2  that 
the  substitution  of  10,  or  even  20%  of  hydrogenated  cotton- 
seed oil  (diets  370  and  371)  in  the  sucrose-containmg  vitamm 
B  complex  deficient  diets,  for  an  equal  weight  of  the  carbo- 
hydrate, resulted  in  no  marked  differences  m  the  general 
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deportment  of  the  experimental  animals,  except  a  measurable 
decrease  in  the  amount  of  diet  consumed.  This  decrease  in 
food  intake  was  to  be  expected  because  of  the  increased  caloric 
value  of  the  fat-containing  diets.     It  will  also  be  observed 

TABLE  2 

Showing  the  average  deportment  of  each   of  the  six  anirruils  composing  the 

respective  groups  during  the  first  28  days  of  the 

experimental  period 


GEOUP 
NO. 

DIETARY 
SUPPLE- 
MENT 

AVERAGE 
INITIAL 
WEIGHT 

TOTAL 
CHANGE 
IN  BODY 
WEIGHT 

TOTAL 

roOD 

INTAKE 

DRY  ETHER-EXTRACTED  FECES 

DIET 
NO. 

Total 
weight 

Per 
cent 

Num- 
ber of 
fecal 
pellets 

Average 

weight 

of  fecal 

pellets 

Reduc- 
ing value 
of  fecal 
matter 

369 

1 
2 

Feces 
None 

gm. 

45 

46 

gmi. 
3 

—10 

gm. 
97 

84 

gm. 

•    •    • 

3.3 

•    •    • 

3.9 

•    •    • 

92 

gm. 

•    •    •    • 

0.036 

mg.^ 

•    •    • 

57 

370 

3 
4 

Feces 
None 

44 
45 

—  2 
—12 

91 

78 

•   •   • 

4.4 

•   •   • 

5.6 

•   •    • 

121 

•   •   •   • 

0.036 

•   •   • 

80 

371 

5 
6 

Feces 
None 

45 
44 

—  4 

—10 

84 
69 

•    •    • 

3.5 

•   •   • 

5.1 

•    •    • 

104 

•   •   •   • 

0.034 

•   •   • 

55 

356 

7 
8 

Feces 
None 

46 
44 

0 

—  7 

82 
76 

•   •   • 

3.3 

•   •   • 

4.3 

•    «    • 

103 

•   •   »   • 

0.032 

•   •   • 

43 

349 

9 
10 

Feces 
None 

46 
45 

22 
—  4 

108 
84 

•   •   • 

7.0 

•    •   • 

8.3 

•   •    • 

295 

•   •   •   • 

0.024 

•   •   • 

289 

375 

11 
12 

Feces 
None 

46 
46 

18 
—  1 

108 
90 

•   •   • 

7.9 

•   •   • 

8.8 

•   •    • 

332 

•   •   •    • 

0.024 

•   •   • 

292 

376 

13 
14 

Feces 
None 

44 
45 

20 
—  3 

107 

78 

•   •   • 

8.4 

•   •   • 

10.8 

•   •    • 

353 

•    •   •    • 

0.024 

•   •   • 

327 

372 

15 
16 

17 
18 

Feces 
None 

Feces 
None 

Feces 
None 

45 
44 

94 
90 

229 
196 

•    •    • 

9.4 

•   •   • 

4.8 

■   •    • 

287 

•    •    •    • 

0.033 

•   •   • 

230 

373 

45 
44 

73 

78 

179 

187 

•    •    • 

10.0 

•   •   • 

5.3 

•   •    • 

269 

.  • .  • 
0.037 

•   •   •   • 

0.026 

•   •   • 

280 

374 

19 

20 

46 
46 

11 

0 

98 
86 

•   •   • 

5.8 

•   •   • 

6.7 

•   •   • 

220 

•   •   • 

138 

*  Reducing  values  are  expressed  in  milligram  equivalents  of  glucose. 

from  these  data  that  those  animals  which  had  access  to  their 
feces  (groups  1,  3  and  5)  consumed  more  of  the  respective 
diets  and  lost  less  in  body  weight  than  did  the  corresponding 
groups  of  animals  which  did  not  have  access  to  their  feces 
(groups  2,  4  and  6).     These  relative  differences  were  not 


altered  by  the  presence  of  hydrogenated  cottonseed  oil  m  the 
diet.  It  does  appear,  however,  that  the  amount  of  ether- 
insoluble  fecal  matter  was  increased  somewhat  as  a  result  ot 
substituting  this  particular  form  of  fat  for  an  equal  weight 

of  sucrose. 

It  appears,  therefore,  from  these  data  that  young  rats  re- 
ceiving  vitamin   B   complex   deficient  diets   which  contain 
sucrose  as  the  source  of  carbohydrate  are  benefited  somewhat 
by  having  access  to  their  own  feces  during  the  first  week  or 
10  days  of  the  experimental  period.     After  this  time,  such 
feces  appeared  to  have  no  supplementing  value  smce  the  test 
animals  declined  in  weight  in  a  manner  similar  to  that  ot  the 
rats  which  did  not  have  access  to  the  excreta.    The  presence 
of  10  or  even  20%  of  hydrogenated  cottonseed  oil  m  such 
diets  did  not  alter  the  results  with  respect  to  rate  of  growth 
or  maintenance  of  life.    Mortalities  among  the  animals  re- 
ceiving the  sucrose  diets  were  restricted  to  groups  2,  4,  5  and 
6  and  were  five,  six,  two  and  four  animals,  respectively,  all 
of  which  died  during  the  fifth  and  sixth  weeks  of  the  experi- 

mental  period.  ,      ..i        j-i„+,. 

When  commercial  cornstarch  is  moistened  with  a  dilute 

solution  of  citric  acid,  autoclaved  for  4  hours  under  15  pounds 
of  pressure  and  subsequently  dried,  some  marked  changes  are 
brought  about  in  the  dietary  properties  of  this  subs  ance. 
This  fact  may  be  brought  out  by  comparing  the  results  ob- 
Sued'  fr'om  animals  rec'eiving  diets  356  and  349^.  The  genei.1 
responses  of  those  animals  which  received  the  diet  contaimng 
the  untreated  starch  (diet  356)  were  comparable  to  the  re- 
sponses made  by  animals  receiving  the  sucrose  diets   while 
those  animals  which  received  the  dextnnized  starch  diet    diet 
349)   exhibited  a  much  more  favorable  nutritional  picture 
As  has  been  previously  reported,  those  animals  which  recen^ed 
the  dextrinized  starch  diet  and  which  also  had  access  to  their 
ot  fecesVew  at  a  very  favorable  rate  (22  ^- -J  ^^^^^  J 
while  those  animals  which  received  a  similar  diet,  but  did  not 
W  access  to  the  feces,  not  only  failed  to  ^<^-}^'-^^'^ 
lost  weight.    This  loss  in  weight  was  not  so  great,  however. 
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as  had  resulted  among  comparable  groups  of  animals  which 
had  received  the  starch  or  the  sucrose  diets. 

Other  noticeable  changes,  in  addition  to  the  increase  in 
growth  rate,  resulted  from  the  dextrinization  of  the  starch. 
The  percentage  of  ether-insoluble  fecal  matter  was  almost 
doubled,  the  number  of  fecal  particles  was  trebled,  the  aver- 
age weight  of  the  fecal  particles  was  reduced  approximately 
one-fourth  and  the  reducing  equivalent  of  the  fecal  matter 
was  increased  sevenfold. 

These  data  indicate  quite  clearly  that  dextrinization  of 
cornstarch  according  to  the  method  described,  renders  it  less 
readily  digested  by  the  normal  digestive  processes  of  the  rat. 
Such  findings  could  not  have  been  predicted  from  our  present 
conception  of  carbohydrate  hydrolysis  and  metabolism.  The 
complete  explanation  for  the  lowered  digestibility  of  the  dex- 
trinized  cornstarch  will  have  to  await  further  studies.  It 
appears,  however,  that  during  the  process  of  dextrinization 
and  subsequent  drying,  a  portion  of  the  carbohydrate  fraction 
is,  in  reality,  dehydrated  or  caramelized.  When  ingested  by 
the  rat,  the  caramelized  carbohydrate  must  first  become  hy- 
drated  before  it  can  be  acted  upon  by  the  hydrolytic  agents. 
This  delay  in  digestion,  along  with  the  mild  laxative  effect 
of  the  caramelized  products,  tends  to  increase  the  amount  of 
nutrients  reaching  the  lower  bowel  and,  in  consequence, 
greatly  encourages  the  growth  of  yeast  or  similar  micro- 
organisms. This  appears  to  be  the  most  probable  explanation 
for  the  syntheses  of  the  B-vitamins  in  the  digestive  tract  of 
rats  receiving  dextrinized  cornstarch  diets. 

Further  autoclaving  of  the  starch  for  8  and  12  hours,  re- 
spectively, did  not  greatly  alter  the  nutritional  properties  of 
the  starch  beyond  that  which  had  been  obtained  by  the  4-hour 
autoclaving  (diets  375  and  376).  There  did  appear  to  be 
some  increase,  however,  in  the  per  cent  of  fecal  matter,  in 
the  number  of  fecal  pellets  and  in  the  amounts  of  reducing 
substances  in  the  feces,  as  a  result  of  the  longer  periods  of 
autoclaving.  These  increases  were  not  great.  The  mortalities 
among  the  animals  receiving  the  starch  diet  or  the  dextrin- 


ized starch  diets  were  restricted  to  groups  8,  10,  12  and  14 
and  were  three,  two,  one  and  one  rats,  respectively,  all  ot 
which  died  during  the  sixth  week  of  the  experiment 

The  growth  responses  obtained  as  a  result  of  feeding 
groups  of  young  rats  diets  containing  different  parts  of  the 
baker's  loaf  (diets  372  and  373)  were  not  accordmg  to  expecta- 
tion.   It  is  highly  probable,  however,  that  these  resets  were 
greatly  influenced  by  the  presence  of  considerable  amounts 
of  the  B-vitamins  in  the  original  bread.    All  animals  receiving 
the  diets  containing  the  bread  made  very  >i«««."/  ^^^^ 
responses.    In  fact,  the  growth  rate  was  so  rapid  that  any 
beneficial  effect  of  feces  to  those  animals  was  obscured.    Ihe 
somewhat  suppressed  growth  rate  of  those  animals  (groups 
17  and  18)  which  received  the  diet  contammg  the  outer  por- 
tion of  the  loaf  (diet  373)  indicates  that  the  growth-stimulat- 
ing value  of  the  loaf  had  been  reduced  by  the  baking  process 
In  all  probability  this  reduced  growth  rate  was  due  to  a 
partial  destruction  of  the  B-vitamins  near  the  exterior  of 

%Wietary  supplementary  value  of  the  feces  from  those 
animals  which  received  the  diet  containing  ^^  ^f  ^^J^^^ 
374)  was  quite  definite,  but  not  so  marked  as  had  been  ob 
Lrilamlg  those  animals  -f ^^^ad  receive^^th^^^  die 
containing  the  dextrinized  corns  arch  diets     From  the  dat^ 
obtained  from  the  animals  receivmg  this  d/e*  ^s  we  1  as  f  om 
those  animals  receiving  the  dextnmzed  starch  diets  (as  con 
trastina-  those  animals  which  had  received  the  sucrose  ana 
t^  tafcwTets),  it  appears  that  a  relatively  large  percentage 
S^fS  ma^L  of  lofdensity  and  of  ^^^\lf^^^^^Z^, 
associated  with  the  formation  of  substances  m  the  digestive 
tract  of  the  rat,  which  are  effective  in  supplementing  a  vitamin 
B  complex  deficient  diet.    A  large  fecal  outpu  ,  composed  of 
B  complex  aen  .  .  ^.^aucing  value,  is  believed 

numerous  pellets  ot  relatively  mgi  »  /lio-potive 

tn  hP  indicative  of  a  definite  laxative  effect  in  the  digestive 
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bore  little  if  any  relationship  to  their  average  size.  The 
fecal  pellets  from  the  dextrin-fed  rats  were  invariably  large, 
fluffy  and  highly  aerated,  while  those  from  the  sucrose-fed 
rats  were  somewhat  smaller  in  size  and  were  very  compact. 
The  superior  physical  condition  of  the  digestive  tract  of  the 
dextrin-fed  rats,  as  contrasting  the  sucrose-fed  rats,  was 
always  apparent. 

The   recent   contribution   of  Bliss   and   Green    ('36)    has 
greatly  extended  our  knowledge  concerning  the  phenomenon 
of  '  refection. '    While  it  is  generally  considered  that  refection 
and  those  conditions  which  cause  coprophagy  to  vitiate  ex- 
perimental results  are  different  phenomena,  there  remains 
the  possibility  of  some  relationship  existing  between  the  two 
conditions.    In  fact,  several  factors  point  toward  the  exist- 
ence of  such  a  relationship.    While  it  is  entirely  possible  that 
the  two  phenomena  are  caused  by  different  types  of  micro- 
organisms, it  is  also  possible  that  both  are  caused  by  the  same 
type  of  organism  but  in  different  parts  of  the  rat's  digestive 
tract.     It  seems  reasonable  to  suppose  that  in  the  case  of 
refection,  where  there  is  a  direct  absorption  of  the  growth- 
stimulating  factors,  the  elaboration  must  take  place  in  the 
upper  digestive  tract,  probably  in  the  small  intestines.    Since 
in  the  other  case,  it  is  necessary  that  the  rat  ingest  the  excreta 
in  order  to  receive  full  benefit  of  the  products  formed,  this 
suggests  that  the  elaboration  takes  place  in  the  lower  gut. 
The  fact  remains  that  in  one  case  the  supplementary  sub- 
stances are  absorbed  directly  from  the  digestive  tract,  while 
in  the  other  it  is  necessary  that  the  animal  re-ingest  the  feces 
in  order  to  receive  full  benefit  from  the  products  synthesized 
.  in  the  rat. 
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SUMMARY 

Further  studies  have  been  made  concerning  the  role  of  the 
diet  in  the  formation  of  the  B-vitamins  in  the  digestive  tract 
of  the  rat.  From  results  obtained  during  this  investigation, 
the  following  conclusions  are  drawn : 

1.  The  presence  of  10  or  20%  of  hydrogenated  cottonseed 
oil  in  the  vitamin  B  complex  deficient  diet,  containing  sucrose 
as  a  source  of  carbohydrate,  does  not  lead  to  a  more  favorable 
production  of  the  B-vitamins  in  the  digestive  tract  of  the  rat. 

2.  Further  autoclaving  of  the  starch  beyond  the  usual  4- 
hour  period  does  not  lead  to  a  significant  increase  in  the 
amount  of  supplementary  substances  eliminated  by  the  rat 

in  its  feces. 

3.  Those  diets  which,  when  fed  to  rats,  result  in  relatively 
large  percentages  of  fecal  matter,  having  a  low  density  and 
a  high  reducing  equivalent,  are  conducive  to  the  formation  of 
substances  in  the  digestive  tract  which  are  effective  in  supple- 
menting a  vitamin  B  complex  deficient  diet. 
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Chemistry  of  Food  and  Nutrition.  Henry  C.  Sherman,  Mitchill 
Professor  of  Chemistry,  Columbia  University.  Fifth  edition. 
The  Macmillan  Co.,  New  York  City,  1937.  x  -f  614  pp. 
38  figs.     13  X  20  cm.     $3.00 

The  purpose  of  this  book  is  "to  present  the  principles  of  the 
chemistry  of  food  and  nutrition  as  an  integral  part  of  the  study 
of  chemistry  and  with  reference  to  the  food  requirements  of 
man,  and  the  considerations  which  should  underlie  our  judgment 
of  the  nutritive  values  of  foods  and  the  choice  and  use  of  food  for 
the  advancement  of  positive  health." 

The  favorable  reception  which  former  editions  have  received 
and  the  fact  that  a  fifth  edition  has  become  necessary  are  ample 
proofs  that  the  author  has  succeeded  in  accomplishing  his  pur- 
pose. 

The  general  plan  which  characterized  the  fourth  edition  has 
been  adhered  to  in  the  present  edition,  with  the  exception  that 
the  number  of  chapters  has  been  increased  from  twenty-four  to 
twenty-seven.  Chapter  IX  of  the  former  edition,  entitled 
"Conditions  Governing  Energy  Metabolism  and  Total  Food 
Requirements,"  has  been  expanded  into  two  chapters  in  the  new 
edition  which  are  entitled,  "The  Basal  Energy  Metabolism 
Regulation  of  Temperature,  and  Specific  Dynamic  Action"  and 
"Total  Energy  Metabolism  and  Food  Requirement." 

Two  new  chapters  have  been  added,  viz.,  "Food  Economics  in 
the  Light  of  the  Newer  Knowledge  of  Nutrition"  and  "Food 
Chemistry  and  Human  Progress."  In  the  latter  chapters  the 
author  discusses,  in  a  practical  way,  the  important  problem  of 
correlating  food  prices  with  food  values  and  the  importance  of 
proper  nutrition  in  relation  to  longevity. 

In  general,  the  entire  book  has  been  rewritten  and  brought 
up  to  date.  The  author  has  the  remarkable  ability  of  choosing 
the  most  important  and  significant  material,  and  of  condensing 
a  mass  of  valuable  information  into  a  relatively  small  space, 
without  doing  so  at  the  expense  of  clarity  or  scientific  accuracy. 

The  reviewer  can  do  no  more  than  repeat  what  he  wrote  in 
reviewing  the  fourth  edition  of  this  excellent  book,  viz.,  "Dr. 
Sherman's  new  text  will  commend  itself  to  every  teacher  and 
student  who  desires  a  well-printed  text  containing  a  wealth  of 
chemical  and  nutritional  information  interpreted  by  an  out- 
standing teacher  and  research  worker." 

R.  Adams  Dutcher 

Thb  Pennsylvaia  State  Collegb 
State  College,  Pennsylvania 
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Dr.  D.  E.  Haley,  professor  of  Soils 
and  Phytochemistry  at  the  Pennsyl- 
vania State  College,  has  prepared  a 
special  article  for  publication  in  the 
Lancaster  Newspapers  for  the  benefit 
of  Lancaster  county  tobacco  growers. 
It  is  entitled  "Farm  Manure  as  a 
Fertilizer  for  Cigar-Leaf  Tobacco" 
and  will  be  issued  in  pamphlet  form 
by  the  college. 

"I  wish  that  evey  tobacco  farmer 
would  read  this  article,  as  it  has  a 
direct  bearing  on  questions  relating 
to  the  yield  and  quality  of  cigar-leaf 
tobacco,"  Dr.  Haley  stated  in  submit- 
ting the  article. 

He  points  out  the  "striking  results" 
in  quality  and  yield  which  were  ob- 
tained by  Otto  Olson  in  five  years' 
work  at  the  local  Tobacco  Experiment 
Station. 

Dr.  Haley's  article  follows  in  full: 

The  utilization  of  farm  manures 
for  the  maintenance  and  improvement 
of  the  fertility  of  agricultural  soils 
has  been  a  common  practice  for  many 
centuries.  Through  the  ages  the  effi- 
ciency and  thrift  of  a  farmer,  in  many 
instances,  has  been  gauged  by  his 
interest  in  the  care  and  use  of  this 
material. 

There  is  no  valid  reason  why  farm 
manures  should  not  be  used  as  soil 
additions,  since  in  this  way  at  least 
a  partial  restoration  is  made. of  miner- 
al nutrients  taken  from  the  soil  by 
crops,  which  otherwise  would  repre- 
sent a  permanent  loss  of  plant  food. 
Many  question^  are  Involved,  how- 
ever, as  to  how  manure  may  be  used 
to  best  advantage  from  the  stand- 
point of  yield  and  quality  of  crop, 
and  especially  cigar-leaf  tobacco. 

For  many  generations  Lancaster 
County  farmers  have  fed  a  large  por- 
tion of  their  crops  to  farm  animals, 
especially  to  steers,  utilizing  the 
manure  to  maintain  the  fertility  of 
their  soils.  The  present  excellent  pro- 
ductivity of  these  soils,  which  have 
been  under  cultivation  for  more  than 
two  centuries,  has  been  attributed  by 

Anmp    n«   Hup    mnlnlv    tn    this    nrfli^tlrp. 


it  comes  fr< 
tains  an  avei 
gen,  5  pou 
and  9  pound 
the  figures  a 
respectively, 
cording  to  t 
tion,  is  mor< 
amount  of 
were  presen 
fed,  ever  re' 
form  of  mai 
precautions, 
of  the  fertil 
through  lej 
gases,  in  ad< 
by  the  anir 

Most  of 
manure  is  i: 
ly  the  nitre 
between  th( 
At  least  75 
is  in  the  lie 
clearly  indl 
to  lose  con 
value,  espe< 
if  subjectec 
age.  I 

MANURIAI 

Most  of 
readily  avi 
The  phospl: 
able  only  t 
potash,  if  I 
there  bein^ 
of  this  ele] 

Manure  c 
carbon,  in 
similar  ma 
is  fresh.  1 
for  the  gr 
manure,  ai 
it  is  incor 
order  that 
tiply,  the; 
things,  a 
nitrogen  a 
lesser  qua 
pear  to  ha 
peting  wl 
these  fooc 
applied  al< 


•-■*' 


I 


I 

i 


li 


t# 


MANURE 


162 


Local  Farmers  Have  Kept  Land     Productive  By  Proper     Application    of  Fertilizer 


Dr.  D.  E.  Haley,  professor  of  Soils 
and  Phytochemistry  at  the  Pennsyl- 
vania State  College,  has  prepared  a 
special  article  for  publication  in  the 
Lancaster  Newspapers  for  the  benefit 
of  Lancaster  county  tobacco  growers. 
It  is  entitled  "Farm  Manure  as  a 
Fertilizer  for  Cigar-Leaf  Tobacco" 
and  will  be  issued  in  pamphlet  form 
by  the  college. 

"I  wish  that  evey  tobacco  farmer 
would  read  this  article,  as  it  has  a 
direct  bearing  on  questions  relating 
to  the  yield  and  quality  of  cigar-leaf 
tobacco,"  Dr.  Haley  stated  in  submit- 
ting the  article. 

He  points  out  the  "striking  results'* 
in  quality  and  yield  which  were  ob- 
tained by  Otto  Olson  in  five  years' 
work  at  the  local  Tobacco  Experiment 
Station. 

Dr.  Haley's  article  follows  in  full: 

The  utilization  of  farm  manures 
for  the  maintenance  and  improvement 
of  the  fertility  of  agricultural  soils 
has  been  a  common  practice  for  many 
centuries.  Through  the  ages  the  effi- 
ciency and  thrift  of  a  farmer,  in  many 
instances,  has  been  gauged  by  his 
interest  in  the  care  and  use  of  this 
m.aterial. 

There  is  no  valid  reason  why  farm 
manures  should  not  be  used  as  soil 
additions,  since  in  this  way  at  least 
a  partial  restoration  is  made. of  miner- 
al nutrients  taken  from  the  soil  by 
crops,  which  otherwise  would  repre- 
sent a  permanent  loss  of  plant  food. 
Many  question^  are  involved,  how- 
ever, as  to  how  manure  may  be  used 
to  best  advantage  from  the  stand- 
point of  yield  and  quality  of  crop, 
and  especially  cigar-leaf  tobacco. 

For  many  generations  Lancaster 
County  farmers  have  fed  a  large  por- 
tion of  their  crojxs  to  farm  animals, 
esi>ecially  to  steers,  utilizing  the 
manure  to  maintain  the  fertility  of 
their  soils.  The  present  excellent  pro- 
ductivity of  these  soils,  which  have 
been  under  cultivation  for  more  than 
two  centuries,  has  been  attributed  by 
some  as  due  mainly  to  this  practice. 
No  doubt  it  has  been  an  important 
factor. 

A  certain  proportion  of  the  manure 
produced  in  the  tobacco  area  of  Lan- 
caster County  is  hauled  to  the  field 
immediately  before  planting  corn. 
This  practice  has  a  great  deal  of  merit, 
since  the  corn  plant  is  a  coarse  feeder 
and  the  deleterious  effects  of  such  an 
application,  if  any,  are  reduced  to  a 
minimum.  What  is  true  for  corn, 
however,  may  not  be  true  for  wheat 
and  for  other  croi>s,  such  as  cigar- 
leaf  tobacco. 

While  no  trustworthy  figures  are 
available,  it  is  believed  that  the  larg- 
est proportion  of  the  manure  pro- 
duced in  the  Lancaster  County  tobac- 
co area  is  applied  immediately  pre- 
ceding the  growing  of  tobacco.  In 
many  instances,  unfortunately,  this 
is  the  sole  fertilization  for  tobacco. 
In  some  cases  the  manurial  treat- 
ment is  reenforced  by  additions  of 
commercial  fertilizers.  In  isolated 
cases,  manure  is  not  used  at  all  or  is 
applied  one  year  previous  to  the 
planting  of  tobacco. 

THE  COMPOSITION  OF  MANURE 

The  composition  of  farm  manure 
varies  to  a  considerable  degree.  It  is 
affected  by  the  age  and  kind  of  ani- 
mal, the  utility  of  the  animal,  the 
kind  and  quanity  of  feed  consumed, 
the  nature  of  the  bedding  material 
and  the  care  of  the  manure  produced 
and  other  factors.  Experiments  at  The 
Pennsylvania  State  College  indicate 
that   fresh   manure   with   bedding,   as 


it  comes  from  the  cow  barns,  con- 
tains an  average  of  12  pounds  of  nitro- 
gen., 5  pounds  of  phosphoric  acid 
and  9  j>ounds  potash  per  ton.  Usually 
the  figures  are  quoted  as  10,  5  and  10 
respectively.  In  no  case,  however,  ac- 
cording to  the  Ohio  Experiment  Sta- 
tion, is  more  than  80  per  cent  of  the 
amount  of  these  plant  foods  that 
were  present  in  the  materials  when 
fed,  ever  returned  to  the  soil  in  the 
form  of  manure.  With  the  most  rigid 
precautions,  considerable  quantities 
of  the  fertilizing  constituents  are  lost 
through  leaching  and  evolution  of 
gases,  in  addition  to  the  amount  used 
by  the  animal. 

Most  of  the  phosphoric  acid  in 
manure  is  in  the  solid  portion.  Usual- 
ly the  nitrogen  is  equally  distributed 
between  the  solid  and  liquid  portions. 
At  least  75  per  cent  of  the  potash 
is  in  the  liquid  portion.  These  figures 
clearly  indicate  ^hat  manure  is  likely 
to  lose  considerable  of  its  fertilizing 
value,  especially  nitrogen  and  pKDtash, 
if  subjected  to  leaching  during  stor- 
age. 

MANURIAL   CONSTITUENTS 

Most  of  the  nitrogen  of  manure  Is 
readily  available  for  plant  growth. 
The  phosphoric  acid  is  rendered  avail- 
able only  through  decomposition.  The 
potash,  if  present,  is  quite  available, 
there  being  no  insoluble  compounds 
of  this  element  present  in  manure. 

Manure  contains  a  large  quantity  of 
carbon,  in  the  form  of  straw  and 
similar  materials,  especially  when  it 
is  fresh.  This  is  a  source  of  energy 
for  the  growth  of  organisms  in  the 
m.anure,  and  to  other  organisms  after 
it  is  incorporated  with  the  soil.  In 
order  that  these  may  grow  and  mul- 
tiply, they  require,  among  other 
things,  a  considerable  quantity  ol 
nitrogen  and  phosphoric  acid,  and  a 
lesser  quantity  of  potash.  They  ap- 
pear to  have  little  difficulty  in  com- 
peting with  the  tobacco  plant  for 
these  foods.  When  fresh  manure  is 
applied  alone  to  tobacco,  these  organ- 
isms may  seriously  compete  with  the 
tobacco  for  plant  food  constituents 
and  may  interfere  with  the  early  de- 
velopment of  the  plants.  With  the 
death  of  these  organisms,  later  in  the 
growing  season,  the  plant  food  ele- 
ments that  they  have  used  may  be- 
come available  through  decomposition. 

MANURIAL  APPLICATIONS 

The  application  of  fresh  manure  to 
a  soil  invariably  leads  to  a  depletion 
of  its  available  nitrogen  for  the  time 
being.  For  this  reason,  if  for  no  other, 
manure  should  be  applied  some  time 
previous  to  the  growing  of  tobacco 
so  that  this  effect  may  be  reduced 
to  a  minimum  by  allowing  some  de- 
composition to  take  place.  There  is 
less  danger  if  the  manure  is  well 
rotted  before  application,  providing 
there  is  little  loss  of  fertilizing  con- 
stituents during  this  pyeriod. 

The  application  of  fresh  manure 
is  far  more  harmful  during  dry 
than  wet  years,  because  the  tendency 
is  toward  a  loss  of  water  from  the  soil 
through  the  heating  of  decomposition. 
Undue  aeration  may  likewise  be  in- 
duced. This  effect  on  plants  is  usually 
referred  to  as  "burning".  It  is  not 
evident  when  well  rotted  rather  than 
fresh  manure  is  used. 

As  a  rule,  the  application  of  ma- 
nure improves  the  physical,  chemical 
and  biological  conditions  of  the  soil 
to  a  certain  degree.  As  a  source  of 
organic  matter,  its  value  has  proto- 
ably  been  over-estimated,  but  as  not 
less  than  10  tons  per  acre  are  used 
some    humus    formation      will   occur. 


This  results  in  a  better  moisture 
holding  capacity  of  the  soil  and  a 
better  retention  of  many  mineral  nu- 
trients against  the  forces  of  leach- 
ing, conditions  which  materially  ben- 
efit plant  growth. 

Some  investigators  maintain  that 
one  of  the  beneficial  effects  of  ma- 
nure is  that  there  are  liberated  on 
decomposition  certain  compounds 
which  stimulate  plant  growth,  similar 
to  the  effects  of  certain  vitamins  on 
animal  growth.  Be  that  as  it  may,  . 
there  is  no  reason  why  the  same  ef- 
fect should  not  be  noted  with  cot- 
tonseed meal  or  green  manuring,  if 
the  same  microorganisms  are  present. 

MANURE  AS  TOBACCO  FERTILIZER 

While  all  authorities  do  not  agree 
as  to  the  merits  or  demerits  of  ap- 
plications of  manure  for  the  tobac- 
co crop,  they  do  agree  that  manure 
is,  at  best,  an  unbalanced  fertilizer, 
especially  for  tobacco.  It  is  usually 
looked  upon  as  a  source  of  nitrogen 
rather  than  as  a  source  of  phosphoric 
acid  or  potash.  It  may,  because  of  its 
unbalanced  condition,  induce  the  de- 
velopment of  plants  of  low  resistance 
to  certain  diseases.  Experiments  at 
The  Pennsylvania  State  College  and 
elsewhere  have  indicated  the  desira- 
bility of  reenforcing  manure  with 
phosphoric  acid;  crop  yields  are  ma- 
terially Increased  as  compared  with 
manure  used  alone,  and  more  normal 
development  is  obtained.  In  the  case 
of  cigar-leaf  tobacco,  manure  should 
be  reenforced  by  both  phosphoric  acid 
and  potash,  since  high  quality  as 
well  as  high  yields  is  desired  The 
early  work  of  Dr.  William  Frear  on 
Pennsylvania  tobacco  showed  this. 
He  found  that  the  increase  in  yield 
was  usually  more  than  sufficient  to 
pay  for  the  cost  of  the  fertilizer  used 
and  that  ihe  "burn"  was  decidedly 
improved. 

In  recent  years,  striking  results 
were  obtained  in  five  years'  work  re- 
ported by  Otto  Olson  in  Pennsylvan- 
ia Experiment  Station  Bulletin  No. 
179.  When  no  fertilizer  was  used  the 
yield  averaged  1,230  pounds  per  acre. 
With  10  tons  of  manure  per  acre  the 
yield  was  1770  pounds.  When  the 
manure  was  reenforced  with  300 
pounds  acid  phosphate  and  200 
pounds  of  sulfate  of  potash,  the 
yield  was  1,985  pounds.  When  reen- 
forced with  500  pounds  of  cotton- 
seed meal,  300  pounds  acid  phosphate 
and  224  pounds  sulfate  of  potash, 
the  yield  was  2,190  pounds.  It  was 
stated,  that  these  striking  results  in 
yield  were  exceeded  by  the  improve- 
ment in  quality  and   bum 

If  manure  is  to  be  used  for  Penn- 
sylvania cigar-leaf  tobacco,  care 
should  be  taken  to  prevent  the  loss 
of  nutrient  materials  during  the  stor- 
age period.  If  it  is  not  convenient  to 
allow  it  to  become  well  rotted,  it 
should  be  applied  at  least  two 
months  previous  to  the  growing  of 
the  crop.  Notwithstanding  the  fact 
that  manure  is  looked  upon  as  a  ni- 
trogen addition,  it  should  be  reen- 
forced with  a  small  quantity  of  read- 
ily available  mineral  nitrogen,  as  for 
example,  nitrate  of  potash,  to  off -set 
the  ill  effects  which  might  otherwise 
be  experienced  in  the  early  stages  of 
growth.  It  should  be  reenforced  with 
both  phosphoric  acid  and  potash  in 
order  to  meet  the  demands  of  this 
l>articular  crop.  In  no  case  should  it 
be  looked  upon  as  a  complete  fer- 
tilizer for  clgarleaf  tobacco. 


Reprinted  from  the  Intelligencer  Journal,  Lancaster,  Pa., 

Friday,  April  16,  1937. 
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DIGEST 

The    deposition    and    retention    of    lead    and    arsenic    trioxide    were    determined    by 
analyzing  samples  taken  before  and  after  each  cover  spray  application,  and  at  harvest. 

In   1934     17-year-old  Stayman   and  York   Imperial   trees  were  sprayed   6   times,   the 
.nnlir.tions  averaging  12  gallons  per  tree  at  400  pounds  pressure.     The  3  spray  iTiiXtures 
"^^^^^l^^^^  A  poun'ds  per  hundred  gallons.     Mixtures  A  and  B  a  so  a,n^ 
tained  2  gallons  of  liquid  lime  sulphur,  mixture  B   2  poui^ds  of  skimmilk  Po-^-^^ 
mixture  C  5  pounds  of  dry  flotation  sulphur  and  1  quart  of  menhaden  fish  Oil.     Samples- 
of  foliage  and  fruits  were  taken  from  the  lower  branches. 

Spray  deposits  were  greater  on  Stayman  than  on  York  Imperial,  but  losses  between 
spray  applications  were  greater  from  Stayman. 

The  weathering  away  of  spray  deposits  was  a  negligible  factor  compared  with  losses 
per  unit  area  of  fruit  surface  due  to  growth. 

The  foliage  was  practically  full  grown  by  the  second  cover  spray,  but  the  fruits 
had  reached  only  about  7  per  cent  of  their  final  area  at  the  third  cover  spray,  and  12 
per  cent  at  the  sixth  cover  spray. 

On  the  foliage,  mixture  C  gave  the  greatest  spray  deposits  and  the  smallest  losses 
between  spraying  dates.  After  the  sixth  cover  spray,  leaves  in  this  treatment  showed 
470  milligrams  of  lead  and  280  milligrams  of  arsenic  trioxide  per  square  meter,  or  in- 
creases of  4  and  5  times  respectively  over  the  amounts  found  after  the  first  cover  spray. 
On  the  fruits,  mixture  A  gave  the  greatest  deposits  of  lead  and  arsenic  trioxide, 
but  mixture  C  gave  the  smallest  losses  between  spraying  dates.  After  the  Sixth  cover 
spray  the  greatest  deposits  were  350  milligrams  of  lead  and  140  milligrams  of  arsenic 
trioxide  per  square  meter,  increases  of  less  than  1.5  times  the  amounts  present  after 
the   first   cover   spray. 

Subsequent  to  the  last  cover  spray  residues  were  retained  best  from  mixture  C.  By 
harvest  lead  residues  on  the  fruits  were  from  1/6  to  1/12  of  those  on  the  foliage,  and 
arsenic' residues  1/10  to  1/16,  due  to  expansion  of  the  fruit  surfaces.  The  fruits  re- 
tained lead  in  greater  proportion  than  the  foliage. 

In  1953,  mixture  C  was  applied  to  Stayman  in  three  different  cover  spray  schedules, 
and   fruit   samples  were   taken   from   both   upper   and   lower   branches. 

Top  fruits  grew  more  rapidly  and  showed  larger  losses  of  spray  deposit  per  unit 
area  than  fruits  on  the  lower  branches. 

Uniform  spacing  of  spray  applications  at  l4-day  intervals,  and  with  intervening 
7-day  sprays  to  the  tops  alone,  showed  either  that  early  season  coverage  was  poor,  par- 
ticularly in  the  tops,  or  that  spray  deposits  became  excessively  heavy  in  the  later  sprays. 

The  experimental  evidence  suggests  the  need  for  testing,  under  conditions  of  heavy 
codling  moth  attack,  a  schedule  of  5  cover  sprays  spaced  at  intervals  of  5  9,  B,  and 
17  days,  the  last  application  to  be  made  to  the  tops  only.  Recommendations  must 
await  the  results  of  this  test. 


Deposition  and  Retention  of  Sprays  on  Apples^ 

Donald  E.  H.  Frear  and  H.  N.  Worthley 

THE  ANNOUNCEMENT  of  legal  tolerances  for  arsenic  and  lead  on  food 
products  has  stimulated  a  search  for  insecticides  that  will  equal  or  exceed 
lead  arsenate  in  effectiveness,  but  that  will  not  leave  poisonous  residues 
on  the  marketed  products.  In  some  directions,  notably  in  the  control  of 
truck  crop  insects,  the  search  has  been  attended  with  considerable  success.  In 
the  control  of  codling  moth  {Carpocapsa  pomonella  L.)  on  the  apple,  however, 
it  has  become  evident  that  lead  arsenate  possesses  an  effectiveness  not  as  yet 
equalled  by  available  substitute  materials,  and  that  extended  investigation  will 
be  necessary  before  a  substitute  satisfactory  in  all   respects  will   replace  this 

standard  insecticide.  ^ 

Accompanying  the  search  for  substitutes  for  lead  arsenate  is  an  effort  to 
find  means  of  improving  the  performance  of  lead  arsenate  in  the  first  brood 
codling  moth  sprays,  and  thus  lighten  the  problem  of  controlling  the  second 
and  later  broods.  This  line  of  attack  offers  considerable  promise  in  Penn- 
sylvania, where  there  is  but  one  full  brood  of  larvae,  a  partial  second  brood, 
and  no  known  third  brood.  Under  these  conditions  a  high  degree  of  control 
of  the  first  brood  of  larvae,  which  attacks  the  apples  from  late  May  until 
early  July,  will  leave  such  small  numbers  of  the  pest  that  a  dangerous  second 
brood   carinot  be  produced,   and  spray  applications  in  late  July   and   August 

will  be  unnecessary. 

To  be  effective,  an  internal  poison  like  lead  arsenate  must  be  placed  where 
the  newly  hatched  larvae  cannot  avoid  it  at  the  time  of  attack;  and  it  must 
be  present  in  such  form  and  amount  that  the  highest  possible  percentage  of 
the  larvae  will  get  a  killing  dose  while  they  are  seeking  to  penetrate  the 
apple  surface. 

Purpose  of  the  Experiments 

The  experiments  of  1934  were  designed  to  answer  the  following  questions: 

1.  Using  lead  arsenate  and  lime  sulphur  at  standard  dosage  in  a  standard 
spray  schedule,  what  amounts  of  arsenic  and  of  lead  are  actually  deposited  on 
the  foliage  and  fruits  of  apple?  . 

2.  What  influences  do  growth  and  weathering  exert  on  the  retention  ot 

spray  deposits  by  these  surfaces?  ,        •  •  i 

3.  Does  the  variety  of  apple  have  any  effect  upon  the  deposition  and  re- 
tention of  lead  and  arsenic? 

4.  Do  lead  and  arsenic  disappear  from  the  sprayed  surfaces  at  the  same 

rate?  /•   i     i  i.         j 

5      Can   any  materials  be  added  to  spray  mixtures  of   lead   arsenate   and 

sulphur  fungicides  to  raise  the  initial  deposit  or  to  aid  in  retention  without 
complicating  the  problem  of  removal? 

The  experiments  of  1934  revealed  a  spray  mixture  that  is  more  adhesive 
than    the    "standard"    lead    arsenate   and    lime    sulphur.      They    showed    that 
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growth  of  the  young  apples  is  a  far  more  important  influence  than  weathering 
on  the  disappearance  of  spray  deposits.  These  findings  were  the  basis  of  the 
experiments  of  1935,  which  sought  to  improve  the  uniformity  of  the  lead 
and  arsenic  deposits  through  changes  in  the  time  and  manner  of  application 
of  the  most  adhesive  spray  mixture. 

Factors  Affecting  the  Deposition  and  Retention  of  Sprays 

A  study  of  the  factors  affecting  the  amount  of  deposit  on  plant  surfaces 
may  be  divided  into  two  parts:  first,  an  investigation  of  those  processes  which 
result  in  the  deposition  upon  the  plant  surfaces  of  the  materials  which  may 
be  present  in  solution  or  suspension  in  the  spray  mixture;  and  second,  those 
processes  which  occur  subsequent  to  this  depositing  process,  and  which,  over 
a  period  of  time,  determine  the  amount  of  the  deposited  materials  which  re- 
main upon  the  surfaces.  For  convenience,  the  former  process  is  designated  in 
this  bulletin  as  the  deposition,  the  latter  as  the  retention  of  the  spray  materials. 
The  length  of  time  over  which  each  of  the  two  processes  operate  is  con- 
siderably different.  Deposition  is  completed  in  a  few  minutes  from  the 
time  the  spray  ingredients  are  applied.  The  processes  affecting  the  retention 
are  operative  over  several  months.  Deposition  and  retention  of  sprays,  then, 
while  related  through  factors  that  affect  both,  will  be  discussed  separately. 

Deposition — The  factors  which,  in  the  main,  determine  the  deposition  of 
a  spray  on  a  plant  surface  are  the  chemical  and  physical  properties  of  the 
spray  mixture  and  the  character  of  the  surface  itself.  Other  variables  un- 
doubtedly play  a  part,  but  the  influence  of  temperature,  humidity,  wind  velocity, 
and  others  are  of  secondary  importance  in  most  cases. 

The  factors  of  major  importance  in  determining  the  deposition  of  a  spray 
are  those  which   influence  the  wetting   and   spreading   of   liquids   on   solids. 
Cooper  and  Nuttall    (3),  Hamilton    (8),  Moore   (11)    and  Woodman    (19) 
have    discussed    these    factors.      Certain    phases    of    wetting    and    spreading 
phenomena  are  pertinent  to  this  problem,  and  will  be  considered  here. 

When  a  drop  of  liquid  is  placed  upon  a  solid  surface  which  it  does  not  wet, 
the  angle  of  contact  is  180°.  No  wetting  has  been  done  in  this  case.  This 
situation  obtains  when  a  liquid  of  high  surface  tension,  such  as  mercury, 
rests  on  the  waxy  surface  of  an  apple.  When  the  drop  of  liquid  comes  in 
actual  contact  with  a  surface  which  it  really  wets,  however,  the  course  of 
subsequent  events  depends  broadly  on  the  magnitude  of  three  forces — the 
surface  tension  of  the  liquid,  the  apparent  surface  energy  of  the  solid,  and 
the  interfacial  tension  between  liquid  and  solid.  Under  actual  wetting,  the 
surface  energy  of  the  solid  will  tend  to  pull  the  liquid  out  into  a  film  with 
the  maximum  surface.  Opposing  this  force  will  be  the  surface  tension  of 
the  liquid  and  the  interfacial  tension.  When  the  three  forces  are  in  equi- 
librium the  liquid  will  cease  to  spread  upon  the  solid. 

Any  influence,  then,  which  causes  a  change  in  the  surface  tension  of  the 
liquid,  or  in  the  surface  energy  of  the  solid,  or  in  the  interfacial  tension, 
directly  or  indirectly,  will  aflPect  the  spreading  of  the  drop.  The  ability  to  wet 
a  surface  apparently  is  a  function  of  the  surface  tension  to  a  certain  extent, 
although  Moore  (11)  speaks  of  the  phenomenon  of  wetting  as  a  "slight 
chemical   affinity   exhibited   between    liquid   and   solid."   The   terms    "wetting 


^ 
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agents  "  "spreading  agents,"  and  "adhesive  agents,"  which  commonly  are  used 
as  synonyms  in  discussions  of  sprays,  are  not  so  in  reality.  Wettmg  and 
spreading  abilities  are  properties  which  are  mutually  dependent  to  a  certam 
extent  for  true  spreading  cannot  take  place  until  wettmg  occurs.  Adhesive- 
ness,  however,   involves  a  further  set  of  physical  properties;   these  will  be 

considered  later.  ^         j 

The  materials  which  are  most  commonly  used  as  wetting  agents  and 
spreaders  are  the  soaps,  certain  proteins,  particularly  casein  in  the  form  of 
calcium  caseinate,  and  the  sulfonated  higher  alcohols,  fatty  acids  and  hydro- 
carbons These  materials  produce  a  more  or  less  continuous  film,  covering 
the  entire  surface  to  which  the  spray  mixture  is  applied.  Too  large  an  excess 
of  materials  with  a  high  surface  tension  activity  will  cause  a  loss  of  spray 
materials  from  the  surface,  however,  through  run-off  resulting  from  the  ac- 
tion of  gravity.  .  .  j        •■.• 

The  second  class  of  materials  used  in  spray  mixtures  to  increase  deposition 
are  the  adhesives,  usually  some  form  of  oil.  These  are  not,  in  general,  capable 
of  lowering  surface  tension  to  any  considerable  extent,  but  depend  on  their 
adhesive  nature.  On  the  surface  of  the  apple  fruit,  which  is  coa  ed  with  a 
waxy  layer,  and  to  a  lesser  extent  on  the  leaf  surface,  these  oils  tend  to 
form  an  intimate  union  with  the  coatings  and  thus  adhere  very  strongly. 
Whether  this  union  is  physical  or  chemical  has  not  been  determined^  The 
fact  that  oily  substances  are  often  mutually  soluble  but  immiscible  with  water 
would  indicate  that  solubility  plays  a  part  in  their  behavior.  Since  they  are 
applied  in  the  form  of  emulsions,  these  materials  possibly  increase  the  amount 
of  spray  material  deposited  by  a  process  of  mechanically  enmeshing  the  sus- 
pended particles.  Whatever  the  cause,  they  have  been  shown  to  be  efficient 
adhesives  by  Hood   (9)   and  Porter  and  Sazama   (13). 

Retentiop-The  economic  importance  of  producing  a  spray  deposit  which 
will  not  weather  away  rapidly  under  the  influence  of  rain  and  dew  is  obvious. 
Smaller  quantities  of  toxic  materials  may  be  used,  and  applications  may  be 
made  less  frequently  if  the  amount  lost  from  the  plant  surfaces  is  small.  This 
is  particularly  important  in  a  crop  which  requires  several  months  to  mature, 
and  is  subject  to  insect  attacks  over  the  greater  part  of  that  period,  as  the  apple_ 
Under  practical  conditions,  the  external  factors  which  affect  the  retention  of 
spray  deposits  are  not  subject  to  control.  The  amount  and  intensity  of  the 
rSall  is  variable,  as  is  the  temperature,  also.  Internal  factors,  those  operating 
directly  upon  the  plant  surface  and  tending  to  remove  the  spray  deposit,  depend 
on  the  constituents  and  concentration  of  the  spray  deposit  and  on  the  type  of 

plant  surface.  ....  e 

Those  materials  which  form  a  chemical  union  with  the  plant  surface  may 
be  expected  to  adhere  most  strongly  and  consequently  to  resist  the  processes 
of  weathering  best.  Those  which  adhere  only  through  physical  forces  should 
be  considerably  easier  to  remove.  Probably  the  oils  ultimately  form  mutual 
solutions  with  the  waxy  surfaces  of  the  plant  where  such  wax  exists.  It  has 
been  suggested  that  since  certain  of  the  constituents  of  the  spray  mixture, 
specifically  lead,  are  basic  in  character,  they  may  form  salts  with  some  of  the 
organic  acids  present  in  apple  wax  (Cohee  and  St.  John  (2)  ).  If  the  oils  used 
were  of  animal  or  vegetable  origin,  it  also  is  quite  probable  that  oxidation  ot 
the  oil  film  may  produce  an  impervious  surface  similar  to  a  varnish.    Even  it 
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of  dew  and  rain,  particularly  upon  particles  ot  mat  s.  ^^ 

surfaces  in  relation  to  their  mass,  is  '^o"^''^^?]''^;  J^.\ X^^^^^  down 

moisture  upon  the  chemical  compounds  -"1^^  ^a   ^he^effect  of  br  ^^^g^^^^^ 
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surface!  is  undoubtedly  of  considerable  importance,  also. 

^"t^  such  an  array'of  complex  and  varia^^ /-^  ^  JrhavT^^'of^Trtlfn 

dividual  evaluation  becomes  an  almost  endless  task     The  ben 

spray    mixtures    under    natural    conditions    °f    ^PP''"/'""^^  ^f^.^enic  trioxide 
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only  with  the  levels  of  arsenic  tr'ox.de  occur-.n     ,,,,  ^^  ^^^ 
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found  is  the  result  of  high  initial  deposits  or  of  efficient  retention  can  be  deter- 
mined only  by  a  series  of  analyses  so  spaced  in  time  as  to  allow  these  factors 
to  be  evaluated  separately. 

The  Amount  of  Lead  and  Arsenic  Present  throughout  the  Season 

on  the  Fruits  and  Foliage  of  Apples 

The  work  in  1934  was  planned  to  indicate  the  relative  deposit  and  retention 
of  lead  and  arsenic  on  the  fruits  and  foliage  of  York  Imperial  and  Stayman 
apples  when  sprayed  with  lead  arsenate  mixtures  containing  modifying  mate- 
rials, as  compared  to  a  standard  mixture  of  this  material  combined  only  with 
liquid  lime  sulfur.  The  modifying  materials  used  were  menhaden  fish  oil  and 
skimmilk  powder.  These  were  chosen  because  they  are  typical  of  the  two 
classes  of  materials  offered  for  use  in  apple  sprays;  fish  oil  is  a  widely  used 
adhesive,  and  skimmilk  powder  represents  a  class  of  spreading  and  wetting 
agents  in  common  use. 

The  removal  of  the  residues  produced  by  these  spray  treatments  has  been 
reported  (6). 

Plan  and  Conditions  of  the  Experiments— This  work  was  done  in 
the  experimental  orchard  at  the  Pennsylvania  State  College  during  the  season 
of  1934.  Preliminary  studies  were  made  during  the  season  of  1929,  but  con- 
secutive samples  were  not  taken.  While,  in  general,  the  results  were  the  same 
in  both  seasons,  only  the  1934  results  are  presented  here. 

Thirty-six  trees,  18  each  of  Stayman  and  York  Imperial  varieties,  were  used. 
They  were  17  years  old  in  1934  and  were  in  moderate  to  good  vigor. 

The  season  of  1934  exhibited  nearly  normal  climatic  conditions.  Table  1 
shows  the  mean  temperatures  and  precipitation  for  the  six  summer  months  at 
State  College  and  the  normal  values  for  these  months.  The  temperatures  during 
May  and  June  were  slightly  above  normal.  The  rainfall  during  May  and 
October  was  below  normal,  but  during  September  it  was  twice  the  normal. 
The  normal  figures  in  Table  1  are  the  50-year  averages  at  the  Experiment 
Station.  Figure  1  shows  the  distribution  of  the  rainfall  during  the  season  of 
1934. 

T\IUF   1       MONTHLY   MKAN   TFMPKRAIIIRKS  AND  INCHES   OF  RAINFALL   WRING  19:54 
GROWIxNG   SEASON  STATE   COLLEGE.    PA.,    COMPARED  WITH   NORMAL 


Mcrn  tomp<Tnturo 


Rainfall,  Inches 


May      --- 

Juno     

July       

August      

Soptoinbor 
Octobor      — 

Total     . 
Average 


li)34 


(:2.4 
74. «) 


(.4.4 
oO.S 


(15.2 


Normal 


19:J4 


Normal 


58.78 
CO.  89 
7(>.*20 
(•►8.49 
62.(n'> 
.')!  .07 


1.46 
4.14 
:i.:i7 
:L35 
6.17 
1.27 


(yii.OO 


19.76 


4.12 

4.27 

:?.84 
n.57 
2.98 
2.64 


21.42 
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.  Spray  Treatments-Three  spray  mixtures  were  applied  to^^*  of  the  two 
varkties'^studied.  Treatment  A  was  lead  arsenate  3  pounds  and  kne  sulfur  2 
gallons  per  100  gallons  of  spray  mixture.  T-reatment  B  was  lead  ar  enate 
f  pounds,  lime  sulfur  2  gallons,  and  sk.mmilk  powder  2  pound  per  lOO 
oallons  of  sprav  mixture.  Treatment  C  was  lead  arsenate  3  pounds,  «otation 
fullu^  5  pouS  and  fish  oil  1  quart  per  100  gallons  of  spray  mixture.   Flotation 


(/I 
lAl 


-J  3 


Si 


JmL 


■■"  iiiBc  .      JULY         •^  AUG 


SEPT 


OCT  15 


was  aDDlied  on  May  28,  the  second  on  June  7,  the  third  on  june  lo 
SS,  and  sLh  cove,  ,p,.ys.  .pplic.jons  w„.  J.d.  .o  o»       8     «^ 
on  J„ne  26,  July  6.  and  July  16.  S>">pte  of  f™'  ""J  '"'''f  ™«     ■       j,,„ 

l•s:,"w'r■L^Jn.^;;loTyJSra%I»tT6!*^^^^^^ 

single  no'fle  spraf  gun  operated  at  400  pounds  pressure. 

Foliage  ar^d^ruit  Sarnples-  Each  foliage  sample  coj.^ed  o      00  , 

picked  fr^om  t^e  •-; /•i\™  L  ^ ^^^^^^^^^^^^ 

termmal  growth^  The  leaves  we^et^^  ^^^    ^^  ^ 

while  fresh,  and  "f ^^""J^  ^J^^  J  ^  ^  ,,,,^  heated  oven  at  approximately 
their  area      They  then  were  driea  j    ^^j  5^0,^^  ,„  giass- 

80°C    When  thoroughly  dry,  they  were  we  gncu   g  , 

fK^SdlS^^^^^^ 

apples  picked  .f-^^^.^J^oUl  in  so    iaTl^^^^^^^^^^^^  boxes,  eacE  apple 

and  were  carried  to  the  laboratory  in  spec  a  y  removing  the  spray 

being  impaled  through  the  calyx  on  J  P^f ^^^^  °  ^  1  ^ner.  It  the'las't 
residue  by  contact  with  other  fruit  "'  t^f.  ^'"*"  °'  '^,^3;^  Fresh  weights  were 
sampling  date,  700  ^^^^\?[Xs7^:  ^^  J^^^^^^  -  \^-l-g 

SSoroSnSg  ZJyrr  HCl  and  1.0  per  cent  NaCl  by  weight. 


After  all  the  fruit  in  each  sample  had  been  washed,  the  washings  and  rinsings 
were  made  up  to  a  volume  of  500  ml.  and  stored  for  future  analysis.  The 
volume  of  water  displaced  by  each  sample  of  apples  was  determined  by  immers- 
ing the  washed  fruit  in  water  in  graduated  cylinders.  Aliquot  portions  of  the 
digested  leaf  samples  and  of  the  apple  washings  were  analyzed  for  arsenic  by 
the  official  Gutzeit  method  (1),  and  for  lead  by  the  method  of  Frear  and 
Haley  (4). 


YORK  IMMRIAL 


rOUMC 


STAYMAM    WIMISAP 


$fPT.  OCT. 


•  Mn    ARSFNir    (AS  As-O.)    ON    FOLIAGE   BEFORE   AND    AFTER   SPRAY 
FIG.   2.     LEAD  AND   ARiEN{f^,(lAS  ^  As.o.0^^^    ^^    HARVEST 

Th.    solid    lines    represent    lead,    .he    deed    lines    a.sen.c.      The    course    of    the    deposit    on    the 
lolTage  of  trees  receiving  three  sprays  also  is  shown. 

Experimental  Results 
J   A         V  or,  fhp  Foliage— Figure  2  shows  the  amounts  of  lead 
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Table  2  shows  the  average  amounts  of  lead  and  arsenic  deposited  in  the  six 
spray  applications,  expressed  as  milligrams  per  square  meter  of  leaf  surface. 
This  table  also  shows  the  amounts  of  these  elements  lost  during  the  period 
between  sampling  dates,  expressed  as  milligrams  per  square  meter  of  leaf 
surface.  The  amounts  of  lead  and  arsenic  deposited  and  lost  in  treatments  B 
and  C  are  reported  in  relation  to  treatment  A. 

The  graphs  show  the  individual  gains  and  losses  in  lead  and  arsenic  at  each 
sampling  date  during  the  period  from  May  28  to  October  8.  The  graphs,  with 
Table  2,  which  presents  the  same  data  in  a  different  form,  indicate  that  the 
deposition  and  retention  of  lead  do  not  follow  the  same  course  as  the  deposition 
and  retention  of  arsenic.  For  this  reason,  the  behavior  of  the  two  will  be  dis- 
cussed separately.  . 

In  the  deposition  of  lead,  treatments  A  and  B  were  equally  effective,  but 
treatment  C  deposited  slightly  greater  lead  on  the  foliage.  The  relative  loss 
of  lead  due  to  weathering  was  greatest  from  treatment  A,  less  from  treatment 
B,  and  least  from  treatment  C,  which  showed  a  loss  only  57  per  cent  as  great 
as  treatment  A.  In  calculating  the  loss  due  to  weathering,  the  losses  during  the 
period  between  the  application  of  the  last  cover  spray   (July  16)   and  harvest 

(October  8)   are  included.  ,  i      r  r 

The  data  indicate  a  considerably  greater  deposition  of  arsenic  on  the  foliage 
by  treatments  B  and  C  than  by  treatment  A.  The  losses  of  arsenic  from  the 
foliage  paralleled  the  losses  of  lead;  treatments  A  and  B  showed  approximately 
equal  losses,  while  treatment  C  showed  less  loss  due  to  weathering. 

In  most  cases  there  was  greater  deposition  on,  as  well  as  greater  loss  from, 
Stayman  foliage  than  on  York  Imperial.  When  the  data  were  paired  and 
analyzed  statistically  by  Student's  method  (16),  however,  the  odds  against  so 
great  a  difference  in  deposit  and  loss  being  due  to  chance  alone  were  in  both 
cases  10  to  1,  which  is  not  great  enough  to  be  considered  significant. 

The  area  measurements  made  in  1934  on  foliage  samples  taken  from  the 
middle  portion  of  the  terminal  growth  indicated  that  these  leaves  had  attained 
their  full  size  by  June  15,  the  date  of  the  third  cover  spray.  On  the  date  of 
first  cover  spray  the  foliage  of  both  varieties  had  reached  approximately  78 
per  cent  of  full  growth.  On  the  date  of  the  second  cover  spray  the  foliage 
of  both  varieties  had  reached  97  per  cent  of  full  growth.  Thus,  the  first  cover 
spray  was  the  only  one  affected  to  any  extent  by  the  growth  of  the  foliage. 
Even  in  this  case  the  reduction  in  the  amount  of  deposit  of  lead  and  arsenic 
per  unit  area  attributable  to  the  expansion  of  the  leaf  area  was  relatively  small. 

Lead  and  Arsenic  on  Apple  Fruits- Figures  3  and  4  show  the  deposi- 
tion and  loss  of  arsenic  and  lead  on  the  surface  of  the  fruit  during  the  season 
as  influenced  by  variety  and  spray  mixture.  Figure  3  ^?^^^^^^^V  fT^^e. 
per  apple,  and  Figure  4  the  amounts  calculated  on  the  basis  of  surface  area 
and  expressed  in  milligrams  per  square  meter  of  apple  surface.  Calculation 
on  the  basis  of  each  apple  eliminates  the  dilution  due  to  the  expansion  of  the 
surface  of  the  fruit.  The  apples  were  considered  to  be  spheres,  and  the  sur- 
face  area  was  calculated  from  the  volume  determined  by  displacement. 

Table  3  summarizes  the  data  for  apple  fruits  in  much  the  same  manner  as 
Table  2  for  foliage.  The  relative  deposition  of  lead  and  arsenic  on  the  truit 
surface,  expressed  as  milligrams  per  square  meter,  is  of  the  same  ^'^te^ots 
nitude  for  each  of  the  spray  mixtures;  this  was  also  true  of  the  relative  loss 
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of  each  of  these  elements  from  the  fruit  surface.  The  greatest  deposit  and 
the  greatest  loss  per  unit  area  of  fruit  surface  occurred  in  treatment  A.  Treat- 
ment C,  which  contained  fish  oil  and  flotation  sulfur,  produced  slightly  greater 
relative  deposits,  and  slightly  greater  relative  losses,  than  treatment  B,  which 
contained  skimmilk  powder. 

The  data  in  Table  3  indicate  an  average  loss  greater  than  the  average 
deposit  for  unit  areas  of  fruit  surface.  This  is  due  to  the  extension  of  the 
fruit  surface.  The  average  deposit  and  the  average  loss  of  both  arsenic  and 
lead  were  greater  on  the  Stayman  than  on  the  York  Imperial  fruits  in  all  case^ 
but  one. 
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oe* 

3       JEAD    AND    ARSENIC    (AS    As.O:0**ON    FRUIT    BEFORE    AND    AFTER    SPRAY 

APPLICATIONS    AND    AT    HARVEST 
The    solid    lines    represent    lead,    the    dotted    lines    arsenic      calculated    as    micrograms    Per    aPPle. 
The    course    of    the    deposit    on    the    fruit    of    trees    receiving    three    sprays    also    is    shown.       Ihe    tirst 
sample  of  fruit  was  taken   immediately  before   the   application  of   the   second   cover   spray. 
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VmiK  lllfl«IAt 


STAYMAN  WINttAP 


stP-r. 


JUNK 


HC    T'lCAO^rNO    AKsTn.C    (ArA.O»)"oN    -urT    BBPORE    AND    A.TER    SPRAV 
FIG.    4.      LLAU    AiNi^         APPLICATIONS   AND   AT   HARVEST 
T.C    solid    Uncs    rcpresen.    lead,    t-^e    dot^d    Hnes    a^senjc     caK  U^^^^ 
S'rsan,^"  orr/lafuS'T^rdS^l/'blr:  IhT  amplication,   of   .he   second   cover   sp.ay. 

Table  4  sum.ar.zes  the  data  in  F.gure  3^  The  a-ur.s  of  a-^  and^l-cj 
present  on  the  fruit  at  each  samphng  date  are  expres  eU  as  ^      j^^^f 

Lit^  Calculated  in.;hi-ay  jt  -s  p^^^^^^^^^^^  ^^Sderably  greate^ 

on  the  spray  deposit.    The  average  amount      p  ^^^  ^^^^^^^  ^^ 

than  the  average  amount  lost.    The  ^y"^*/^^  '""?."  .^^j^^ents  B  and  C  were 
posited  on  each  ^-'^  -s  greates    -n  treat^^^^^^^^^^  ,^^^^^ 

rX^l  tS:L:'Trsrderi;  more  lead  per  apple  was  lost  from 


w 
w 

H 

O 

i/2 

O 

w 
o 

w 

> 


'A 

.     -^ 
OQ 

HH  t— I 

i-H 

w 

h^ 
C 


O 

M 
ft 

O 


—  t« 
^  O 


^ 


ij^ 
o 


t^ 


a>  O 


til 


<^^  c^  b- 

CD  Q  C5 
CO  oD  in 
^*  ^^  ^^ 


O  O  CO 

,-H  CO  q6 

»c;  -^  cvp 

CM  CO  5^ 


©  to  CO 

Oi  O  o 
^  CO  CO 


CO  O  GO 

cj  «-i  »ft 

CO  05  r-H 
(M  i-H  CM 


C.)  O  CO 

«  £0  "O 

O  4m  CO 

C^  1-1  1-1 


CO  ■*  O 
(>i  in  Oi 

!>]   1^    T»1 


1 

(» 

■M 

bfl 

Sii 

X 

C 

c3  n 

■1^ 

Oi 

^    CJ 

t-  p. 

S'o 

g<5 

o 

O 

13 

o  a* 

c«^l 

c« 

ia'^ 

VI 

O   «. 

L 

Amount 

bD 

u  C 

03   Q. 

rogr 
r  Ap 

a 

ZJ    O) 

M 

i=' 

<y  4j 

>-S 

«  a 

^ 

'3  « 

CO  O  00 

t-  CM  Oi 
1^  C(0  X>- 


C3 


CO  "<*  lO 

OO  ift 

8?^S 

s^fe 

t-  OOl- 

t^  00  CO 

CO  CM  ■«* 

•  •  a 

GO  •^f  cO 

im  t^  o 

C4  CM  CM 


■^  CO  o 
ifi  -^  Q 

-t  t-  CO 
C^l  CM  CM 


■^  CO  C> 
00  ira  i^ 

05  in  i-H 
CM  CO  CO 


00  <M  lA 


CO  C^l 


CO  O  CO 


CO  00 

^8 


O  CO  CO 

S05  Si 
r-i  i-H 


CM  CM  CM 

GO  CO  CM 

05  CO  C» 

^1     ^^     '•^ 


CO  o  CO 
CO  r;:  Lft 

lO  Ci  CM 
Tfi   CO   Tj« 


o  o  o 

1-H   I— t   CO 

CM  .-H  CO 
■^  lO  ^ 


o 

8 


I 
I 

I     I 


CO 


in 


CM 


05 

CO 
Ci 


03 

Si? 

03  a 

2| 

oi  0< 

o    * 

>  a; 

u  u 

^-a 

(%} 

tin 

S-s. 

u  a 

4J 

Oi  T 

boi: 

o 

C/J 

<15  «-> 

u  u 

0^ 

a 

o 

tft 

>» 

o 

bo 

2^5 

ram 
pple 

s 

-« 

5f< 

<>: 

c« 

S"^ 

o  e<>  CO 

Oi  Oi  't' 

in  «o  CO 


C3 
■  a> 


C<J  00© 

©  OC  'H* 

•t  r-<   CO 
t<  CM  OO 

•»f  in  -^ 

op  CM  in 

Ci  c;  Ci 

^j*   ^1  ^5^ 

o 


©  CO  00 

in  00  CO 


CO 


-M  CM 


©  00  Ci 

©  1-^  in 

CM  CM  C^l 


CO  CM  in 

Ci  in  ^^ 

©©  m 

CM  CO  CM 


■ 

CO  ©  CO 

©  O  CO 

©  CO  00 

in  rH  00 

i'^s 

CO   Ci  CM 
©  rH  r-i 

rH   rH   1— t 

r-l  r^  i-t 

c 

V2 


©1  CM  CM 

CO  O  CO 

OO  CO  M 
Ci  O  CO 

CO  r^  in 

in  Ci  C'l 

^  -HI  -^ 

•*  CO  I* 

©  ©  © 


d   r^  -^ 

■»fi  in  -^ 


00  ©  Ci 

CO  in  m 

rH  ,— 1  ,— ( 
CO  CO  O 


"i*  W  CO 

•     •  • 

©  -"t  m 

I-  in  rH 

in  -o  CO 


©  GO  Ci 
l-^  GO  C^j 

CO  Ci  CO 
i?5  CO  -O 


e^  ©  •* 

CM  CM  CM 


©  W  rH 

©  ©  in 
r^  00  i^ 


©   0^1  r- 

-^  ci  © 

—  -r  C': 

Cl  C^4  fi-J 


<1 
tH    S^   OJ 


M 


55    03   P 


'^, 


03 


O^ 


''I 


a  03 

08  ^ 


(H 

o  _ 


eOfl 
03 

fe  «  2^ 


y 


a 


O 


>H     (-<     C^ 


A^orrTTTTiiRAL  Experiment  Station 
Pennsylvaniaj^gricui^ — — 


Bulletin  344— Sprays  on  Apples 


17 


16  ^ 

c    ;fc  cnr^ved  with  treatment  B; 
,Ke  fruits  sptayeJ  "'•'*'  <■"«""'  ^  """  ^Th.Tw  s  no lomis.en.  difle.^ce 

varieties  studied. 

Discussion  of  Results 

r««,nared  with  Leaves— On  the  foli- 
Deposition-Loss  on  F^mts  as  Compared  w       ^^^  mixture  con- 

age  the  greatest  deposit  of  arsemc  ^'^'^ j^/;,^^"'^  ^Ued  almost  equally  fron. 
tSnL  fish  oil  and  flotation  f^lj"^"  ^^'^f.^^JiiJ  sulfur  alone,  and  the  same 
the  spray  mixture  containing  lead  arsenate  and  hm  ^^  .   ^^^^   j^^^^.i 

:!:LSre'w.th   ski-milk   powder   added^  ^a^^^^^^^^^^  ^^^^  ^IS^lesro" 

aeoosited  from  the  latter.    Ihe  re'an  ^    li^e  sulfur,  slightly  less  on 

Seatest  on  the  foliage  sprayed  with  '^^^  a  senat^  ^^^^^^       ^ 

S  sprayed  with  the  same  mixture  ^^*^^^f"J,'^'\he  fruit  surfaces,  both  the 
XnZntly  less  from  the  fish  o^\^X:^iJr^Jv.rne  sulfur  treatment,  fol- 

deposit  and  loss  were  gf^^^^^^"  *|e    and  fish  oil  treatments. 

lowed  in  order  by  the  skimm.lk  P^^^er  a  ^^^^^^  ^^^  ^^^,  „f 

The  ratios  between  the  amounts  J^ad^-/,,  ,,  October  8,  as  compared 
area  of  foliage  during  the  F "f  '/^'^ho^n  in  Table  5. 
with  the  same  unit  area  o^/^f  ^'  ^^"  '^  ^^^^^-^  ;,  greater  than  the  same  ratio 
In  all  cases,  the  foliage-fruit  "f^fj^^J^y' greater  relative  loss  of  arseruc 
for  lead     This  difference  may  be  causea  oy  fe  ^^  ^^^^^.^  than  of 

Sin  of  lead  from  the  fruits,  or  ^J  '^'^' f'^^'process  does  occur;  when 
eaS  from  the  foliage.  It  is  -/^A^^^.^nf  of  S"  lea5  deposited  on  the  frmts 
all  treatments  are  averaged,  41.0  per  cent  o  j^^^      ly  32.5 

by  he  six  cover  sprays  was  P^^^^^^J^hlt  J.o-  ^rsenic'than  lead  was  dso 
Zr  cent  of  the  arsenic  remained.    ^°"^^Y^1  ^^nt  of  lead  and  58.0  per 

fost  f rornihe  foliage    the  leaves  -^fi^^Vo  F^,^  ^^  ^^  ^.g^j,,,„, 
rtnt  of  arsenic.  This  difference  probably  •«  too  ^  ^^  the 

The  fact  that  the  difference  between  the  arsenic  a  j^^„^^  osit.on  of 

f  lice  is   ess  than  on  the  fruits  suggests  that  i^U^  J       ^^,^  readily  than 

St.  John  (2).  /-r.Ki^  ^^     more  lead  and 

.f  Variety-  In  10  of  12  cases  Ftu"  ^Jl  York  Imperial. 
Jen^wer:  d  p^  -^  lost  on  Stayman  fruits  ha^i  -  Jork  P^  ^^^ 
wZ  the  toxic  elements  are  compared  -  the  b-s  of^^^^^^  ^^^^^^^ 

^  n  bturtrsi  ":rt::  " ruiX'  not  considered  in  the  calculation 

This  may  be  because  ^^^^^^    ^^^  amounts  of 

Relative  Retention  of  Lead  and  Arsemc  ^         ;^^,^-^  differences 

lea!  and  Irsenic  retained  were  P^-  l;'';;^^";"",^' ula  ed  on  the  basis  of  a  urn 

Thev  follow  each  other  most  closely  ^^en  ca  cu  ^   ,,^^d  ^^s  greatest 

ie7of  fruit  surface  (Table  3)^ J^-atio  of  arsemc  ^^^  J  ^^^^^ 

.hen  no  modifying  -^-^^^-re  A,  1/3-56;  B,  1/2.17;  C  1/2.24 
based  on  the  amount  present  ai  n^ 
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The  most  sienificant  point,  however,  is  the  comparison  of  the  amounts  of 
lead  and  arsenk  present^t  harvest  (Table  6)^  This  indicates  the  degree  of 
resistance  of  each  to  the  weathering  process.  The  spray  containing  fish  oil  (C) 
Sve  the  greatest  residue  at  harvest!^  followed  by  the  spray  containing  skim- 
milk  powder  (B)  ;  the  lead  arsenate-lime  sulfur  combination  (A)  gave  the 
kast  r«idue  at  harvest.  The  slope  of  the  line  from  the  date  of  the  last  spray 
application  (Figs.  3  and  4)   indicates  the  rapidity  of  residue  loss. 

TABLE   «.     AMOUN-l-«    OF    I.KAP    ANP^, ARSKN,r^,PKKSENT   ON    KRUIT   ANI>    FOUAOE 


Fruit 

Foliage 

Treatment 

i  - 

York 

Staymaii 

Average 

York 

Stayman 

Average 

1                                                 1 
1 

Trees  receiving  six  cover  sprays 

L€ad-Mg./M2 

A 
B 
C 

17.5 
22.3 

27. S 

1 
24.6 
22.6 
36.7 

21.1 
22.5 
32.3 

128.4 
186. 7 
444.3 

l.SO.l 
158.0 
344.6 

i:'>;5.8 
172.8 
3U4.5 

Arsenic    (AsjO:i)-Mg./M=^ 

A 
B 
0 

6.2 

8.4 

11.8 

5.0 
10.0 
15.0 

6.1 

0.2 

13.7 

68.3 

05.6 

214.1 

60.8 

04.3 

220.7 

64.6 

05.0 

221.0 

V 

T'l-ees    receiving    three    cover    s 
Lead-Mg./M-' 

prays 

A 
B 
0 

3.5 
5.1 

6.8 

2.2 

6.1 

12.8 

2.9 
5.6 
0.8 

S'6.4 
12i).4 
150.3 

(n.5                    74.0 

113.4  '           1-21.4 

140.5  145.4 

A 

B 
0 

1.8 
1.5 

2.8 

Arsenic 

1.0 
1.0 
2.0 

(AsjO:j)— Mg. 

1.4 
1.7 
2.0 

36.0 
70.5 
85. 6 

.'^5.0 

70.2 
80.1 

3^).0 
70.4 

87.4 

^  T-w  -4.  ^^A  TTriiU  Growfh — The  relation  be- 

Relation  between  Spray  Deposit  ^nd  Fruit  Grow  n  ^^  ^^ 

tween  the  amounts  of  lead  and  arsenic  on  the  f;"".Xf rut  surface    After 
interest,  since  it  illustrates  the  effect  of  the  f^^  ^  «  .  ^J^™  ^\"  ,ead  on  the 
the  application  of  the  last  cover  spray,  on  July  16,  ^^e  le^els  o 
three  treatments  were  approximately  the  same  per  unit  of  surface  area 

there  was  from  6  to  12  times  as  mucn  'c""  F  .  ^     ^        surfaces 

the  fruit  at  harvest.  The  relative  amounts  of  ^'^^'J  °"  ^^  ^f^,,  j^e  last 
showed  an  even  wider  spread,  P«^^'bly./"j/VhicKas  approximately  U 
cover  spray.  During  the  pe"od  co^^'^^f  ^^'^^  i'thdroSal  area,  While 
.eeks,  the  fruit  surfaces  expanded  to  ^l^l^^V^  ^'^^^^^^^^^^^  sprays  the 

''''  '";  7tl  fhTr  e^ ;  S  a?e:  oMelf^urfa'ce  was  from  I  to  23 
Tes    arte      han%erun7area  of  fruit  surface.    On   these  same  trees  the 


amount  of  arsenic  was  from  25  to  41  times  larger  on  the  leaf  surfaces  than  on 
the  fruit  surfaces,  both  being  expressed  as  amounts  per  square  meter  of  sur- 
face. 

During  the  14  weeks  between  the  last  spray  application  and  harvest  the  area 
of  the  fruits  increased,  on  the  average,  about  13^/2  times,  while  the  area  of 
the  leaves  did  not  increase.   The  difference  in  loss  of  spray  deposits  from  fruits 

T4BT  V  7      AMOUNTS  OF  LEAD  AND  ARSENK^  PRESENT  ON  FRUIT  AND  FOLIAGE  AFTER 
^'^  LAST  COVKR    SPRAY,    .lULY    16 


Fruit 

Foliage 

Treatment 

,                            1 

York 

Stayman 

Average 

York 

Stayman 

Average 

Trees  receiving   six  cover  sprays 

Lead-Mg./M-'                              ^ 

A 
B 
C 

352.4 
206.8 
296.0 

422.7 

3.')r>.3 

4.')3.0 

.387.6 
32(>.l 
374.5 

270.4 
324.0 
473.4 

241.3 

405.8 
496.5 

2.')5.9 
364.0 
485.0 

Arsenic    (As-():0— Mg./M2                                            ^ 

A 
B 
C 

147.4 
122.4 
124.0 

133.0 
124.6 
186.4 

140.7 
123.5 
1.55.2 

190.0 

287.8 
278.7 

178.7 
278.4 
290.9 

184.4 
28:^.1 
280.3 

Trets    receiving    tliree    cover   sprays 

Lead-Mg./M-' 

A 
B 
C 

50.1 
73.2 
77.:^ 

(«.0 

72.6 

136.5 

61.1 

72.0 

106.0 

103.4 
i:!3.9 
179.0 

94.3 
126.5 
201.3 

08.0 
130.2 
190.2 

Arsenic   (As-O.O-Mg./M- 

A 
B 
O 

20.0 
20.3 
15.6 

20.0 
23.7 
37.0 

20.5 
22.0 
26.3 

1 

.51.7 

78.0 

124.6 

66.7 

77.0 

110.8 

59.2 

78.0 

117.7 

as  compared  with  leaves  was  greater  than  that  which  might  be  xpec  d Jrorn 
growth  alone,  indicating  that  the  materials  weathered  "^^^  "P'^^^  J^^'^^^'^^" 
fruits.  This  is  due  in  part  to  the  nature  of  the  ^ppe  surface  nd  .n  part  to 
its  expansion,  which  causes  a  mechanical  loosening  of  'he^epots.  However 
the  amounts  of  lead  and  arsenic  on  fruits  and  foliage,  -^en  calcul  te^^^^^^^^^ 
basis  of  the  amount  present  per  fruit  and  per  leaf,  show  little  d'Ae^^";^  ^^ 
any  time  during  the  season  (Table  8).  This  indicates  that  the  growth  of  the 
fruit  surface  is  the  major  factor  in  the  reduction  of  the  deposits. 

Losses  of  Lead  and  Arsenic  through  Weathering-  The  influence^^^^^ 
rainfall  on  the  weathering  of  spray  residue  from  leaf  and  f-  t  ^u  face^  was 
apparently  not  highly  important  when  this  method  of  sampling  (from  the 
boftom  limbs  only^)  Ls  followed.  No  consistently  greater  loss  was  observed 
when  rain  fell  than  during  periods  free  from  ram. 
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Influence  of  Frequency  of  Spraying  on  the  Deposition  and  Retention 

of  Lead  and  Arsenic 

The  foregoing  studies  indicate  that  the  variety  of  fruit  and  the  composition 
of  the  spray  mixture  have  a  decided  effect  on  the  amounts  of  lead  and  arsenic 
deposited  and  retained  on  the  surfaces  of  apple  foliage  and  fruits.    They  also 
indicate  that  the  relative  amounts  of  lead  and  arsenic  on  the  plant  surfaces  are 
not  the  same  throughout  the  season,  the  losses  of  arsenic  being  greater  than 
the  losses  of  lead.    However,  the  greatest  single  factor  affecting  the  loss  of 
spray  deposits  appears  to  be  the  expansion  of  the  plant  surfaces  due  to  growth. 
During  the  period  of  spray  applications,  which  was  11  weeks,  the  surface  area 
of  the  fruits  increased  about  8I/2  times.    During  the  period  between  the  last 
spray  and  harvest,  which  was   14  weeks,  the  fruits  increased  in  surface  area 
about  131/2  times.    The  average  area  of  the  leaves  did  not  increase  appreciably 
during  the  period  of  spraying  and  subsequently ;  the  foliage  practically  attained 
its  maximum  area  at  the  time  of  the  second  cover  spray. 

From  measurements  of  the  fruits  analyzed  during  the  season  of  1934,  a  chart 
was  constructed  showing  the  time  of  increase  of  the  surface  area  of  apple  fruits. 
It  appeared  that  it  should  be  possible  to  choose  dates  for  spray  applications 
which  would  give  a  more  uniform  coverage  of  lead  and  arsenic  upon  the  fruit 
surfaces  during  the  season  than  present  spraying  schedules.    The  area  of  apple 
fruits  increases  very  rapidly  during  the  early  stages  of  its  development,  causing 
a  rapid  lowering  of  the  concentration  of  lead  and  arsenic  per  unit  area  of 
surface.    The  increase  in  surface  area  becomes  progressively  less  as  the  season 
advances  so  that  the  loss  of  deposit  from  this  cause  becomes  less  important  as 
the  fruits  become  more  mature.    Hamilton   (7)    found  a  relationship  between 
the  increase  of  surface  area  and  the  reduction  of  deposits  of  arsenic  trioxide. 
Similarly,  Lathrop  and  Sazama  (10)  found  the  larvacidal  efficiency  of  coatings 
of  lead  arsenate  to  be  lowest  during  the  early  period  of  rapid  expansion  of  the 
fruit  surface.   Steiner  et  al.  (15)  have  demonstrated  the  value  of  supplementary 
cover  sprays  early  in  the  season. 

Object  of  the  Experiments  of  1935— [t  was  reasoned  that,  instead  of 
applying  the  sprays  at  uniform  intervals  during  the  period  of  attack,  as  is  com- 
monly done,  more  efficient  insect  control  with  stomach  poisons  might  be  secured 
by  applying  the  sprays  at  more  frequent  intervals  during  the  early  part  of  the 
season,  and  spacing  them  farther  apart  during  the  later  period  of  less  rapid 

expansion.  r        i    r       i.u 

Several  workers,  including  Percival  and  Potter  (12),  have  found  that  the 
deposits  of  spray  residues  decrease  from  the  bottom  to  the  top  of  the  tree. 
This  is  partly  because  the  operator  fails  to  cover  the  upper  branches  thoroughly, 
and  partly  because  the  upper  portions  of  the  trees  are  more  exposed  to  weather- 
ing^ than  the  lower  branches.  The  object  of  this  investigation  was  to  maintain 
a  more  uniform  deposit  of  lead  and  arsenic  upon  the  fruit  by  timing  the 
applications  to  coincide  more  nearly  with  the  growth  curve  of  the  surface  of 
the  apples,  and  by  supplementary  sprays  applied  only  to  the  tops  of  the  trees. 

Plan  of  the  Experiments 

Three  groups  of  five  trees  each  were  selected  in  the  College  orchard.    All 
were  Stayman,  18  years  old,  and  vigorous.    The  spray  treatment  through  the 
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petal  fall  application  was  uniform  .n  all  groups.    The  first  experimental  spray 
was  applied  on  June  4.  ^^  ^^^^  ^^^^^^^^  3 

All  groups  received  ^h^^/P/J  ^^pre  sed  menhlden  fish  oil  1  quart 
pounds,  flotafon  -l^^^^  pounds  ^^  p   ^^^^  ^^  ^^^^^^^^^  ^^  ^^ 

per  100  gallons.    The  hve  trees  in  '^"^""P  .^    '        ■     q  £  ^gre 

'^aII  luflrZf  thSe  trees  only  were  sprayed  at  H-day  intervals,  begmnmg 
'  Ls  afffr  1  fi  St  ap^^^  so  that  the  top  applications  alternated 

seven  days  alter  tne  nrsi  at^p  ,  received  complete  applica- 

with  the  complete  <.«7^^f "  ^^'^^ '^.''"ouSg  the  first  application,  which 
tions  at  intervals  of  4,  10,  and  20  days  t«''^^J'"g  Groups  D  and  E.  This 
was  given  at  the  same  tin^e       them  fruit  of  this 

r:;' in  1934!  Ted  o'n  the  me'asurement^f  the  relatively  small  number  of 
fruits  analyzed  that  season.  ^^^^  ^^^  ^^^^^  ^^^^^^^  ^^^ 

Duplicate  samples  of  20  W^"  eac"  ^"^  \^^^^^        ^^^1,  August  20.    The 
afi-pr  parh  sprav  application  and  at  intervals  rnereaiici  un  5  ,„_,ip. 

^Im  i::t  Jn  aU^his  date  were  duf^i^  lots  o^  -JPP  "  ^   ^^iTeS 

'",-^^*   Tt£  sXe^rSfcu     eT  hf  ^^^^^^^  io  diameters  being 

calipers  ^"'Jtl^Vthe  diameter  of  a  sphere.    Other  apples  of  Stayman  and  other 
ra:Sf.:rwe%  Latrtd t  the%a^^^  at  intervals  throughout  the  growing 

'Tk"'  .nnle.  for  analysis  were  picked  without  handling  by  impaling  theni  on 

The  apples  for  analyss  p  ^  ^^j^j  ^oxes  designed  to  keep 

steel  pins,  and  ^ere  carried  to  the  ^do        y         ^  .^    j^^  ^^^er  apples. 

?he  s^P.  : Ter? Sed  rd^Tefd  dt^mined  by  the  method  of  Frear  and 
HaleyT)  The  arsenic  was  determined  on  an  aliquot  of  the  same  solution 
by  the  Gutzeit  method  (1). 

M^T     .u.r     Table  9  gives  the  amounts  of  rainfall  and  the  mean  monthly 
Weather— 1  able  j  givc^  u  romnared  w  th  normal. 

slightly  less  than  the  50-year  averages  of  this  station. 


Moan    toTiipcrature 
Ij):'..')  I       Normal 


Rainfall,   Inches 


55 .  fi 

Mar   (1(>.5 

,Uin.^    7:5.5 

July    r,9.2 

Aug.     GO. 9 

Sept.         J  52.5 

Oct.    

Total   - '" 

I  g:5.0 

Average       ""     i 


58.78 

7<i.20 
(IS.  49 
(i2.r.5 
51 .07 


<):5.93 


l{Ki5 

3.59 
3.78 
5.83 
1.44 
2.40 
2.11 

19.16 


Normal 

4.12 
4.27 
3.84 
3.57 
2.98 
2.64 


21.42 


.  is; 


Experimental  Results 

Figure  5  is  a  smoothed  growth  curve  of  the  surface  area  of  Stayman  fruit 
during  the  season  of  1935.  In  preparing  this  curve,  certain  slight  irregularities 
have  been  smoothed  out.  The  upper  line  represents  the  average  areas  of  the 
fruits  picked  from  the  tops  of  the  trees;  the  lower  line  represents  the  average 
areas  of  the  fruits  picked  from  the  lower  limbs.  During  the  months  of  July, 
August,  and  September,  the  difference  in  the  size  of  the  fruits  from  the  top 
and  from  the  bottom  was  very  noticeable.  The  data  used  in  constructing  these 
areas  were  collected  partly  by  measuring  the  samples  which  were  analyzed  and 
partly  by  measuring  fruits  of  the  same  variety  grown  in  the  same  orchard  under 
similar  conditions.     The  growth  curves  in  Figure  5  involved  the  measurement 
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FIG. 


MAY      JUNE  JULY  AUG.  SEPT.  OCT. 

5       SURFACE   AREA    OF    STAYMAN    APPLES    GROWN    AT    STATE    COLLEGE.    PA.. 
5.      bUKl<A<.L   AKLA    ^^^^j^jj^^    ^^p    s^A-SON   OF    1935 


The    upper    line    represents    the    area    of    fruits    from    the    tops    of    the    trees;    the    lower    Hne    the 
areas  of  the  fruits  from  the  bottoms  of  the  trees. 

of  approximately  5,000  apples.  The  curves  for  other  varieties  which  were 
measured  at  the  same  time  show  a  similar  trend,  the  early  var.et.es  showing 
more  rapid  crowth  earlier  in  the  season,  as  would  be  expected. 

The  determinations  of  lead  and  arsenic  trioxide  are  reported  .n  F'g«res  6 
and  7    In  Figure  6,  the  results  are  calculated  as  milligrams  of  lead  (sol.d  hne) 
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oSfruits  picked  from  the  bottom  of  the  trees. 


fpTTOM 


Aua 


W 


.    .    r..   OM  FRUITS  OF  STAYMAN  BEFORE  AND 

F,C.  6.     LEAD  AND  ARSENIC  <  AS^As^*^.) ,  "N  FRU.TS  ^OF  S^^^^^^ 

(   .nnlP  surface       The   solid    lines    represent    lead,    the 

Calculated    as   m.lligrams   per   square   meter   of   apple  surface, 
dotted  lines  arsenic.     Season  ot    19:^5. 


Table  10  shows  the  amounts  of  lead  and  arsenic  deposited  in  each  of  the 
cover  sprays.  These  are  calculated  as  milligrams  of  lead  and  arsenic  trioxide 
per  square  meter  of  apple  surface  and  represent  the  differences  in  amounts 
found  before  and  after  spraying.  Table  11  gives  the  amounts  of  lead  and 
arsenic  trioxide  found  on  the  fruit  surfaces  immediately  after  the  last  cover 
spray  application,  on  July  9,  and  at  harvest,  on  October  21.  The  results  are 
expressed  in  the  same  manner  as  in  the  preceding  table. 
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FIG    7.     LEAD  AND  ARSENIC   (AS  As^Os)   ON  FRUITS  OF  STAYMAN  BEFORE  AND 
riu.   I.     ^  r.        ^p^£j^  SPRAY  APPLICATIONS  AND  AT  HARVESI 

1         TU.    «nliH    lines    reoresent    lead,    the    dotted    lines    arsenic. 
Calculated    as    micrograms    per    apple.      The    solid    lines    represent 

Season    of    193^.  r      •       j       •  i-U 

Figure  8  shows  the  mean  amounts  of  lead  present  on  the  f'^.t  during  the 
periods  between  spray  applications.  These  are  calculated  as  rn.lhgrams  per 
square  meter  of  apple  surface  for  fruits  from  both  the  top  (left)  and  the 
Km  Tr  ght)  of  Z  trees  receiving  each  treatment.  The  Ag"-  --^^^tamed 
bv  averagine  the  amounts  present  after  one  application  and  before  the  next 
The  fi3f  f or  arsenic  so  closely  resemble  those  for  lead  that  they  are  not 
preseS  here.  The  black  portion  of  the  chart  indicates  the  pe"ods  betwe  n 
application  dates  during  which  the  mean  deposit  of  ead  "^^^f^f  ^^^  jdl. 
grams  per  square  meter.  It  also  indicates  the  extent  to  which  this  arbitrary 
minimum  effective  deposit  was  exceeded. 
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TAHLK   10. 


»     ^     r^i  TJr^^TM'Kn  IN   F\(^H  COVFR   SPKAY  APPLICA- 


Treatinont  F 


June  4 

June  8 

June  11 

June  IS 

June  25 

July  2 

July  9 


121.1 
160.9 


10<1.2 

ir,i.(> 


Average 


June  4 
June  8 
June  11 
June  18 
June  25 
July  2 
July     9 


185.4 


171).  2 


70.1 
12:?.  6 
112.8 
157.4 

7i).7 

P,7.0 
105.6 

21.6 
113.1 

65.2 

1S5.0* 

182.8* 

274.1 
i:!7.:? 

1.52.7 


i:i0.7 
17:  J.  7 


liottom 

260.9 
139.5 

143.8 
12^.0 


170.3 


IKi.O 

65.4 
111.8 


Average 


97.5 


158.3 


61.3 
9S.4 


1(K>.0 


Arsenic 
116.0 

:?6.i 

04.9 
74.3 
73.2 

:m.7 

94.7* 


158.3 

20.9 

116.4 

62.1 

:55.7 

iH).7 
103.. 5^ 


116.0 

96.9 

124.1 


67.6 
101.2 


15S.3 
111.8 

50.1 
74.7 


98.7 


*     r.      T>RFSFNT   ON    THK    FKUIT    SURFACKS    AFTKK 


Treatment  D 


Treatment  E 


Top        liottom  I      Top         Hottom 


Treatment  F 


After    last    cover    spray    application    -- 

At    harvest 

(Calculated    as   grain    per   lb.)    


118.1* 
43.4 
.(!2:{ 


201.2* 
5:^.0 
.040 


Pb 

2!  12.:  5 
r»K.o 

.044 


Top 


Bottom 


7S.H* 

•:r).o 

.013 


S9.:i* 

23.9 
.018 


ASjO:j 

131.:? 
:{7.0 
.024 


292.:? 
65.6 
.045 


207.2 

.58.7 
.o:{8 


215.0 
57.7 
.038 


1H4.7 
44.5 


.0:{1 


118.6 
2!>.3 
.019 


115.7 
31.1 
.021 


Aftrr    last    cover   spray    application    - 

At     harvest 

(Calculated    as    gram    per    lb.)    

^ ,,,i„  o-    tiic  others  on  .luly  9. 

.  s,.n,p.,.s   ,.«.n   treat-nent   1>  r...-.iv,...  the  la.t   cover  spray  on   .....y  -. 
All    samples   were    taken    on    July    •'. 

It   should   be  emphasized   that   this   "-'--"•"..f jf J^^.^P^h Lh  Lyhe 
..lligrams  per  square  meter  jf^^-^^/^./jrolU  1    g  '^^^^^^^  Howlver. 


pared  with  the  deposit  figures  developed  in  this  study,  seem  to  indicate  that 
under  southern  Pennsylvania  conditions  this  minimum  deposit  of  lead  is  the 
least  that  should  be  present  on  the  fruit  during  the  period  of  cociling  moth 
attack  An  extremely  small  codling  moth  population  in  the  orchard  in  which 
this  experiment  was  conducted  made  it  impossible  to  measure  the  efficiency  of 
control     This  phase  of  the  investigation  will  receive  further  study. 


BOTTOfcr 


^ssss 


„c  "■■  .v;„o.  o^ogT  op„^fo  ^^-.p.^^.™-  -^ — »«- 

above    125   mg.    per   square   meter. 

Discussion  of  Results 

The  data  presented  in  Figures  6  and  7  ^how  the  actual  amounts  oMead  and 
arsenic  present  before  and  after  each  spray  ^1'"''°"'  ^^^^  (f^jJ^^^^J^^^^j;^/, 
at  various  times  following  the  last  spray.    The  ^"^^"'^  ^^/t^'*  .ff  .^qJ^^^^ 
present  at  harvest  are  shown  for  all  treatments.    In  ^^^^^^"'.^^^''Jhe  period 
of  lead  and  arsenic  on  the  fruit  surfaces  varied  widely,  even  durmg  t^e  perioa 
o    spray  appSion.    For  example,  the  first  spray  ^PP  -*/- J^"J  f  '".r 
depo^sit^of  lead  on  the  fru.t  at  the  bottom  of  the  tree  °f  ^6    rng^  per  squ^  e 
meter     Two  weeks  later,  this  had  decreased  to  84  mg.    This  rapid  loss  wa5 
Peled  on  the  fruit  ^t  the  top  of  the  tree  during  the  s,^e  period    from 
lune  4  to  Tune  18     Figure  6  shows  that  during  this  period  the  area  or  rruu 
Lrface  was^  approximately  tripled  by  growth.    This,  alone,  would  account  for 
a  two-thirds  loss  in  deposit. 

Figures  6  and  8  show  that  the  fruits  in  tream.ent  D  --^  '-^^^'^Jy^S 
fPrtf-H    tif  125  me    per  square  meter  is  considered  as  the  minimum  etiective 
deposit     duHngmuc^hof^e  spraying  period  by  appl-tions  spaced  j^  days 
apLt.   This  was  particularly  true  of  fruits  m  the  upper  parts  of  the  trees. 
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Deposits  on  Top  Fruits- The  appHcati-^^^^^^^^^  t'^^riri^. 

treatm^t  E  produced   a  ^f   -°- .^^f^ppCLs  tie  deposits  on  the 
Figure  8,  however,  shows  that  even  witn  ^^Y  w|P  ...  ,\       ^25  me. 

top  fruits  during  the  period  between  June  1 1  ^'^'^ J^^^.^Vf  j^'^^^^^^^^ 
pe^r  square  meter.    This  may  have  b-n  due^  m  part    to  the  large^p^^^^^^^^^  ^g^ 

'^  s?.f-lt^:fj:j;^^  ^"ii^/tx^  r-^:^d%X-- 

was  probably  con^'^erably  m  exce      oj  'he  arnoun^  req  J^^  ^^  ^^^ 

S^^SlTa^s  ^n'of  r     id"S  ht  reV-  a  7^  spacLg  of  sprays, 
truit  surtaces  wdb  nut     ^  fherefore   be  called  a  wasteful  procedure. 

^"^  LS'preT]  Lrflult'^lron';  both  treatments  £  and  R  The 
secInTrer 'spray  wh.ch  w.s  applied  on  £-,«;/- /j^ /f^^.S 
cover,  and  the  third  cover  spray  apphed  10  day  jt^^  °" J'^^j^^  ^^e  early 
the.spraycoat.ng  abo^^e^he^e^.l  of  U5  -J-  F-^^r,  prevented'an  actual 
EJdV  ofTpofi  ffomTI;:  s1,7ay  applicat.ons.  In  -sequence,  the  sp^ay 
application  of  fune  18  gave  adequate  protect.on  «'^>y  ""/'^^uiL  me'asured  in 

fcrfo^?=vrda-^^^^^^^ 

tions.    The  more  extensive  measurements  of  fruits  m   1935   showed  this  in 
'T\S.th%?ntrfr?ennsylvania  the  heaviest  attack  by  codling  moth   larvae 

residues  difficult  to  remove  at  harvest. 

r  -c^     1     Qr^foxrc        Treatment    F    shows    the    desirability 

S 'day.' fSu'I  shows  that  at  thi^period,  June  H  to  June  ;«- 'he  -^ts  may 
be  expected  to  double  in  surface  area  in  approximately  six  days.  To  be  rnost  et^ 
fectTve,  therefore,  a  second  complete  application  should  follow  the  first  within 
five  days. 


On  June  18,  when  the  third  cover  spray  was  applied  in  treatment  F  the 
lead  level  had' dropped  nearly  to  125  mg.  per  square  meter  (Fig.  6).  To 
provide  a  margin  of  safety,  a  maximum  interval  of  nine  days  should  elapse 
between  the  second  and  third  applications.  A  top  application  should  tiot  be 
attempted  at  this  time,  for  the  complete  application  to  treatment  F  failed  to 
provide  adequate  protection  beyond  June  30. 

Growth  of  Apple  Surface—  Figure  5  indicates  that  the  surface  area  of 
the  fruits  doubled  between  June  18  and  July  4.    The  application  of  June  18 
raised  the  lead  level  on  top  fruit  in  treatment  F  to  278  mg.  per  square  meter. 
On  lulv  2  this  had  dropped  to  107  mg.,  although  growth  alone  should  have 
brought  it  to  only  139  mg.  by  July  4.     Weathering  accounted   for  the  re- 
mainder   The  spacing  of  applications  must  take  this  into  account  when  it  is 
desired  to  lengthen  the  time  between  sprays.    Basing  judgment  on  these  con-, 
siderations,  the  fourth  spray  application  should   follow  the  third  at  an   in- 
terval not  greater  than  13  days.    A  complete  application  at  this  time  would 
correct  the  condition  apparent  in  treatment  F    (Fig.  8),  in  which  a  greater 
delay  in  the  fourth  application  resulted  in  a  period  of  inadequate  protection, 
particularly  in  the  tops  of  the  trees. 

Growth  doubled  the  surface  area  of  the  top  fruit  between  July  1  and  July 
25     During  such  an  extended  period  weathering  may  constitute  a  large  tactor 
in 'the  reduction  of  spray  deposits.    The  application  of  July  2  in  treatment  D 
raised  the  lead  level  to  236  mg.  per  square  meter;  yet  on  July  9,  after  2^65 
inches  of  rainfall,  this  was  reduced  to  118  mg.    Figure  7   (treatment  D,  top) 
indicates  that  this  loss  is  due  to  weathering,  since  the  slope  of  the  line  from 
Tulv  2  to  harvest  on  these  fruits  is  much  steeper  than  on  the  bottom  fruits. 
Theoretically,  a  fourth  spray,  on  July  1,  should  produce  a  lead  deposit  close  to 
300  mg  per  square  meter,  which  growth  would  reduce  to  150  mg.  by  July  25. 
Since  rainy  weather  during  this  period  may  be  expected  to  result  in  rnuch  more 
rip  d  loss,^articularly  from  the  top  fruit  (Fig.  6,  treatment  D) ,  a  fifth  app  ic_a^ 
tion  somewhat  in  advance  of  this  date,  to  the  tops  alone,  probably  would  be 
Jvisable  in  the  face  of  continued  codling  moth  attack.   From  the  growth  curve 
it  appears  that  this  application,  if  made  17  days  after  the  fourth  cover  spray, 
would  extend  the  protection  another  three  weeks. 

The  above  discussion  is  not  a  recommendation  for  spraying  practice.    It  is 

an  attempt  to  indicate  the  importance  of  the  growth  of  the  fruit  as  a  factpr 

n  theTeduction  of  spray  deposits,  and  to  show  how  this  effect  may  be  over- 

ome  through  changes^n  the  timing  of  the  spray  applications.    Further  work  in 

oThards  with  high  codling  moth  populations  will  be  carried  out  during  1937 

to  serve  as  a  basis  for  recommendations  to  fruit  growers. 

Table  11  shows  that  while  the  deposits  of  lead  and  arsenic  present  on  July 
9  reflect  the  spray  schedules  applied  in  the  various  treatments,  the  differences 
are  minimized  by'  growth  plus  weathering  during  the  long  '"terval  be^een 
this  date  and  harvest.  With  all  the  three  schedules  employed,  the  fru  ts  re^ 
quired  washing  to  bring  the  residues  below  the  prevailing  tolerances  of^OlS 
grain  per  pound  of  lead  and  .010  grain  per  pound  of  arsenic  tr.oxide  How- 
ever, even  in  treatment  E  the  level  of  these  residues  was  such  as  not  to  make 
the  washing  problem  difl&cult. 
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Summary  and  Conclusions 

Samples  of  fruit  and  foliage  were  taken  from  Stayman  and  York  Imperial 
apple  threes  before  and  after  each  spray  apphca  .on  ^ur  ng    he  sea-y  t     ;3  ^ 

A  of  Uarxrf^^f    Thrcc  sprav  mixtures  were  applied.  A,  contaiiim^  i^a 
rnd  l^mJTdfurT t   ffad^arsenate,   H-  sulfur    and  skimm.n.  powder     ad 
C,  contaimng  lead  .arsenate    flotaUon  -If  .^^^^^^  ^^  ^^^ 

iSS^nd    JeSionluifnt  th^ston'  the^ollowing    conclusions    were 
reached: 

,ha„  on  Yo^kTmnfriai :  teas  were  also  greater  from  Stayman  fo  lag.^ 

4     The  foliage  had  attained,  on  the  average,  78  per  cent  of  »s  'nil  s   e  at 

4.      ine  roiiagc  n^u  a  ^  £^H  ^^^^  ^|.  ^.j^^ 

the  time  o^'^e  first  cover  spray  (Ma    28)  an^^^       F    ^^,.        ^.,  „^^  ^^^^^.^ 

second  apphcat  on  (u^^^^  ^„i,  ,,,,  ,f  leaf  surface, 

change  the  concentration  or  •  r  ^^^^     ^^^^^^^  j^^^ 

p.,'„n?  arSVcc^d  t^t^X-^f^-   »"'"'  ^  ^"'  «'"'"  "^°"' 
mtaures  B  and  ^    .Treatment  A  p  _^^^p  ^.^^^  _^.^_^^^  (. 

™riiei^;irs.{£^Pj.cf^^^^^ 

l:  ,rht":rthi:  r  ,T?oTt,f  -« --;i^rs'°'co*.vV4" 

fK«  frniu    and  6  to  12  times  more  lead,  on  trees  receiving  six  cuvc     y    y 

On  tree    receiving  three  cover  sprays,  the  last  being  three  >^eek^  ,^"1'^[  '"/^^^^ 
Un  "ees  recciviufc  r    /  arsenic  on  the  foliage  than  on 

season,  there  was  from  25    o  4 Wrnies  -r.  ^^^  ^^^  ^^  ^^  ^^^ 

the  fruits,  and  ^  o'"  \4  Jo  ^5  "^e^ J^^^^      ^j^^^^^,,  ;„  the  relative  amounts 

T-rlmrt  ff  ^arbrrf;^^^^^^^^^^  appare.,  had  little 

effert  on  the  rapidity  of  the  weathering'of  the  spray  residues,  when  samples 

^•f  F'"^fsfe^      -- rrpof  ?^rdur;^n;  rp3 

and  adequacy  of  sp  ay  coatings  otieau  ^       ,j    stayman    trees    were 

-tiEBzt;^.:^-^  ^rat-'KaS  ?.  z^ 


Treatment  E.  Three  applications  to  the  whole  tree  at  intervals  of  14  days, 
plus  three  applications  directed  at  the  tops  alone,  given  seven  days  after  each 

of  the  complete  applications.  ,      r  /    i  ^       ^ 

Treatment  F.  Four  applications  to  the  whole  tree  at  intervals  ot  4,  10,  and 
20  days  respectively.  These  intervals  represented  the  length  of  time  re- 
quired for  the  doubling  of  the  surface  area  of  the  fruits,  as  shown  by  a  growth 
curve  based  on  measurements  of  apples  analyzed  in  1934. 

Fruit  samples  were  taken  from  the  top  and  bottom  limbs  of  trees  in  each 
treatment  before  and  after  each  spray  application,  at  intervals  after  the  final 
ppplication,  and  at  harvest.  These  were  measured  and  analyzed  for  lead  and 
arsenic.  Figures  were  prepared  showing  the  levels  of  these  elements  main- 
tained throughout  the  season  in  milligrams  per  square  meter  of  apple  surface. 

The  14-day  spacing  of  spray  applications  (treatment  D)  resulted  in  inade- 
quate coverage,  particularly  during  the  early  season  of  rapid  fruit  growth.  This 
result  was  especially  noticeable  in  fruits  taken  from  the  tree  tops. 

In  treatment  E,  the  addition  of  supplementary  applications  to  the  tops  alone 
maintained  spray  coatings  in  the  tops  at  a  level  approximately  equal  to  that  of 
the  bottoms  of  the  trees,  except  early  in  June,  when  the  interval  between  ap- 
plications was  too  great.  Later,  these  supplementary  sprays  produced  spray 
coatings  considerably  in  excess  of  the  minimum  amount  considered  necessary 

for  protection.  r  r    -        i        r 

Spray  applications  based  on  the  calculated  growth  curve  of  fruits  taken  from 
the  bottoms  of  the  trees  in  1934,  as  applied  in  treatment  F,  maintained  adequate 
spray  coatings  during  the  period  of  rapid  growth  in  June,  but  these  coatings 
became  deficient  during  the  20-day  interval  between  the  last  two  sprays.  Con- 
struction of  growth  curves  based  on  measurements  of  large  numbers  of  apples 
in  both  the  tops  and  bottoms  of  the  trees  in  1935  showed  this  interval  to  be  too 
great,  particularly  for  fruits  in  the  tree  tops. 

The  results  suggest  the  following  conclusions,  ;/  /*/  is  considered  that  the 
minimum  amount  of  lead  residue  on  the  fruit  necessary  for  protection  is  125 
milligrams  per  square  meter  of  fruit  surface: 

1  The  loss  of  lead  and  arsenic  is  greater  from  the  fruits  at  the  tops  of  the 
trees  than  from  those  at  the  bottoms,  probably  because  of  the  greater  weathering 
at  the  tops,  and  because  these  fruits  grew  more  rapidly  earlier  in  the  season. 

2  To  afford  adequate  protection  by  the  use  of  lead  arsenate  during  the 
period  of  most  rapid  increase  in  the  surface  area  of  apple  fruits  the  interval 
between  the  first  and  second  codling  moth  cover  sprays  should  not  exceed 

^3  ^A  9-day  interval  may  be  expected  to  elapse  between  the  second  and 
third  codling  moth  cover  sprays  before  spray  coatings  become  inadequate  for 
protection.  This  extension  of  the  time  interval  is  made  possible  by  the  gradual 
slowing  up  in  rate  of  surface  area  increase.  ,       i  •  j 

4  The  fourth  cover  spray  should  be  applied  13  days  after  the  third 

5  Under  conditions  of  heavy  codling  moth  attack  a  fifth  spray,  applied  to 
the  tops  only  17  days  after  the  fourth,  will  extend  the  period  of  protection 
into  early  August  without  producing  residues  difficult  to  remove  at  harvest 

6  The  thorough  application  of  cover  sprays  timed  as  given  above  will 
maintain  a  lead  deposit  on  apple  fruits  greater  than  125  milligrams  per  square 
meter  during  the  period  of  attack  by  first  and  early  second  brood  codling  moth 
larvae     It   is  thought   that   this   concentration   of   spray   deposits   will    prove 
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adequate  under  the  prevailing  conditions  of  heavy  codhng  moth  attack  in 
southern  Pennsylvania.  However,  recommendations  for  orchard  practice  must 
await  further  testing  of  this  proposed  "growth  schedule"  of  codhng  moth  spray 

applications. 
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some  beverage  alcohols.  The  lethal  concentration  in 
the  blood  is  the  same  for  all  we  have  tested,  but  there 
is  considerable  difference  as  between  alcohol  from 
various  sources  in  the  dose  required  to  produce  this 
concentration,  a  fact  suggesting  a  difference  in  the 
rate  of  oxidation. 

Our  observation  that  the  concentration  of  blood 
sugar  influences  the  pharmacological  effects  of  alcohol 
may  offer  some  explanation  of  the  alleged  idiosyn- 
crasies in  human  reactions  to  alcohol.  It  affords  a 
new  factor  that  must  be  taken  into  consideration  in 
any  experimental  study  of  the  pharmacology  of  alco- 
hol. Our  technique  of  determining  doses  under  con- 
ditions of  equilibrium  affords  a  method  of  making 
precise  quantitative  measurement  of  the  toxicity  of 
alcohols  from  various  sources. 

Howard  W.   Haggard 
Leon    A.    Greenberg 

Yale  University 

THE  OPERCULAR  APPROACH  TO  THE 

PITUITARY! 

Surgical  techniques  for  the  removal  of  the  pitui- 
tary gland  of  teleosts  have  been  described  by  Parker^ 
in  the  catfish,  Ameiurus,  and  by  Matthews^  in  the 
killifish,  Fundulus.  These  techniques  are  not  quite 
satisfactory  in  experiments  to  be  carried  on  over  long 
periods  of  time,  inasmuch  as  the  operated  animals  sur- 
vived only  for  a  short  time;  the  catfish  surviving  only 
two  days,  and  the  killifish  several  weeks.  A  new  ap- 
proach to  the  teleost  hypophysis  whereby  tissue  injury 
is  reduced  to  a  minimum  has  been  worked  out  by  the 
author  with  more  satisfactory  results. 

(1)  The  Catfish 

Parker's  method  of  hypophysectomy  consisted  in 
making  a  U-shaped  cut  through  the  gular  membrane 
from  the  opercular  opening  on  one  side  to  that  on  the 
opposite  side  of  the  animal,  so  that  the  lower  jaw  was 
completely  separated  from  the  gills.  Having  accom- 
plished this  initial  opening,  the  operation  was  com- 
pleted by  puncturing  a  hole  in  the  parasphenoid  and 
sniping  off  the  gland.  This  method  involves  a  two- 
inch  incision  which  may  be  avoided  in  the  following 
manner.  The  catfish  is  wrapped  in  a  wet  cloth  and 
nlnpprl  on  its  back  under  a  binocular  microscope.    The 
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some  beverage  alcohols.  The  lethal  concentration  in 
the  blood  is  the  same  for  all  we  have  tested,  but  there 
is  considerable  difference  as  between  alcohol  from 
various  sources  in  the  dose  required  to  produce  this 
concentration,  a  fact  suggesting  a  difference  in  the 
rate  of  oxidation. 

Our  observation  that  the  concentration  of  blood 
sugar  influences  the  pharmacological  effects  of  alcohol 
may  offer  some  explanation  of  the  alleged  idiosyn- 
crasies in  human  reactions  to  alcohol.  It  affords  a 
new  factor  that  must  be  taken  into  consideration  in 
any  experimental  study  of  the  pharmacology  of  alco- 
hol. Our  technique  of  determining  doses  under  con- 
ditions of  equilibrium  affords  a  method  of  making 
precise  quantitative  measurement  of  the  toxicity  of 
alcohols  from  various  sources. 

Howard  W.   Haggard 
Leon    A.    Greenberg 

Yale  University 

THE  OPERCULAR  APPROACH  TO  THE 

PITUITARYi 

Surgical  techniques  for  the  removal  of  the  pitui- 
tary gland  of  teleosts  have  been  described  by  Parker^ 
in  the  catfish,  Ameiurus,  and  by  Matthews^  in  the 
killifish,  Fundulus.  These  techniques  are  not  quite 
satisfactory  in  experiments  to  be  carried  on  over  long 
periods  of  time,  inasmuch  as  the  operated  animals  sur- 
vived only  for  a  short  time ;  the  catfish  surviving  only 
two  days,  and  the  killifish  several  weeks.  A  new  ap- 
proach to  the  teleost  hypophysis  whereby  tissue  injury 
is  reduced  to  a  minimum  has  been  worked  out  by  the 
author  with  more  satisfactory  results. 

(1)  The  Catfish 
I        Parker^s  method  of  hypophysectomy  consisted  in 
making  a  U-shaped  cut  through  the  gular  membrane 
from  the  opercular  opening  on  one  side  to  that  on  the 
opposite  side  of  the  animal,  so  that  the  lower  jaw  was 
completely  separated  from  the  gills.     Having  accom- 
plished this  initial  opening,  the  operation  was  com- 
pleted by  puncturing  a  hole  in  the  parasphenoid  and 
sniping  off  the  gland.     This  method  involves  a  two- 
inch  incision  which  may  be  avoided  in  the  following 
manner.     The  catfish  is  wrapped  in  a  wet  cloth  and 
placed  on  its  back  under  a  binocular  microscope.    The 
mouth  is  held  open  by  five  retractors,  and  an  incision 
about  two   to   three   millimeters   in    length   is   made 
through   the   mucous   membrane   covering   the   para- 
sphenoid bone.     A  trephine  drill  is  then  introduced 
under  the  operculum  and  between  the  first  and  second 
^  Vl  arches.    One  merely  lifts  the  operculum  and  gently 
Separates  the  first  from  the  second  gill  arch.     This 

1  Aided  in  part  by  a  grant  from  the  National  Eesearch 
Council  Committee  on  Problems  of  Sex  administered  by 

F.  L.  Hisaw. 

2G.  H.  Parker,  Jour,  Exp.  Zool.y  69:  199,  19^4. 
8  S.  A.  Matthews,  Bioh  Bull.,  64:  315,  1933. 


procedure  exposes  a  wide  natural  cavity,  and  the  drill 
may  now  be  inserted  directly  perpendicular  to  the 
roof  of  the  mouth.  The  hypophysis  can  be  seen 
through  the  bone  as  a  small  yellow  spot.  A  hole  (1.5 
mm  in  diameter)  is  drilled  through  the  bone,  the  gland 
sucked  up  in  a  pipette,  and  the  wound  closed  by  a 
single  suture  through  the  mucous  membrane.  The 
operation  can  be  performed  virtually  without  the  loss 
of  a  single  drop  of  blood  and  need  not  take  over  three 
minutes.  The  animal  is  returned  to  a  tank  of  running 
tap  water  and  survives  for  many  months.  Within  a 
week,  the  suture  disappears  and  the  cut  membrane 
heals  over  completely. 

(2)  The  Killifish 
Matthews^s  method  of  hypophysectomy  involved  a 
sub-oral  route,  since  he  first  made  a  V-shaped  incision 
through  the  branchiostegal  membrane  with  the  base 
of  the  V  at  the  tip  of  the  tongue.     The  tongue  was 
then  pulled  sufficiently  ventral  to  expose  the  region  of 
the  pituitary.    My  operations  with  the  sub-oral  route 
proved  unsatisfactory  mainly  because  of  the  size  of 
the  initial  incision,  and  the  necessary  cutting  of  a  large 
blood  vessel  running  along  the  ventral  surface  of  the 
lower  jaw.    These  two  difficulties  may  be  avoided  by 
the  opercular  approach.     The  fish,  first  immobilized 
by  immersion  in  cracked  ice,  is  placed  on  its  left  side 
under  an  operating  microscope.     The  operculum  is 
elevated  and  held  by  a  single  retractor.    The  first  and 
second  gill  arches  are  separated,  thus  exposing  a  wide 
space  directly  below  which  the  hypophysis  is  located. 
A  three-millimeter  incision  is  made  through  the  epi- 
thelial membrane  slightly  lateral  to  the  mid-line  in 
order  to  avoid  a  median  artery.    A  hole  is  drilled  with 
a  trephine  drill   (1  mm  in  diameter)  and  the  gland 
sucked  up  in  a  pipette.    The  wound  is  not  closed  by  a 
suture  because  of  the  proximity  of  the  median  artery, 
but  the  circular  piece  of  bone  excised  by  the  drill  may 
be  replaced  to  close  the  wound.    The  operation  may 
be  performed  within  five  minutes  and  if  done  with 
sufficient  care  is  a  totally  bloodless  operation.     The 
animal  is  placed  in  salt  water  for  a  day  and  then  trans- 
ferred to  running  tap  water,  as  Matthews  recommends, 
or  it  may  be  placed  directly  in  tap  water  at  room  tem- 
perature. -,         3        J.U 

This  approach  to  the  pituitary  gland  under  the 
operculum  and  between  the  first  and  second  gill  arches 
may  prove  satisfactory  for  other  teleost  fishes.^ 

A.  A.  Abramowitz 

Biological  Laboratories 
Harvard  University 

4  Smith  Burr  and  Ferguson  {Endocrin.y  19:  409,  1935), 
describe  an  orbital  appr1>ach  for  hypophysectomy  in  the 
iroldfish     These  authors  state,  however,  that  their  opera 
Uve  procedure  fnvolves  enucleation  of  the  r  ght  eye  severe 
traumatization  of  the  interorbital  plates   invariable  rup- 
ure'f  an  artery,  blind  groping  for  the  ^/POP^^^^^^^^ 
matization  of  the  hypothalamus  and  successful  extirpa 
tion  in  one  of  seventeen  cases. 


0 


\u 


165 


610 


SCIENCE 


Vol.  85,  No.  2217 


THE  APPLICATION  OF  SPRAYS  TO 
EXPANDING  PLANT  SURFACESi 

During  the  season  of  1934,  the  authors  had  occasion 
to  make  a  series  of  measurements  of  the  surface  areas 
of  apple  fruits  grown  in  the  college  orchard  at  State 
College,  Pa.  This  work  was  done  in  connection  with 
a  study  of  the  deposition  and  retention  of  lead  and 
arsenic  trioxide  on  the  fruit  and  leaf  surfaces  of  two 
varieties  of  apples  sprayed  with  three  spray  mixtures. 
From  these  measurements  and  from  the  chemical 
analyses  of  the  fruit  surfaces  for  the  two  toxic  ele- 
ments, it  was  apparent  that  the  expansion  of  the 
fruit  surfaces  during  growth  was  the  most  important 
single  factor  operating  against  the  maintenance  of  an 
adequate  deposit  for  the  control  of  chewing  insects, 
particularly  the  codling  moth  (Carpocapsa  pomonella 
L.).  The  effect  of  the  growth  was  particularly  great 
during  the  early  period  of  development  of  the  fruit, 
when  the  surface  areas  doubled  in  extent  within  four 
or  five  days.  It  was  reasoned  from  this  work  that 
spray  applications  would  be  more  effective  in  main- 
taining an  adequate  deposit  if  the  early  sprays  Avere 
applied  at  more  frequent  intervals,  thus  compensating 
for  this  rapid  increase. 

During  the  season  of  1935  ten  Stayman  Winesap 
trees  in  the  college  orchard  were  sprayed  with  a  mix- 
ture containing  lead  arsenate  3  pounds,  flotation 
(wettable)  sulfur  5  pounds  and  fish  oil  1  quart  per 
100  gallons  of  spray  mixture.  On  five  of  the  trees 
three  applications  were  made  at  regular  intervals  of 
14  days.  On  the  remaining  five  trees  applications  were 
made  at  intervals  of  4,  10  and  20  days  following  the 
first  application.  Samples  of  fruit  were  taken  for 
chemical  analyses  immediately  previous  to  and  fol- 
lowing each  spray  application.  More  extended  mea- 
surements of  growth  rate  of  fruit  of  this  and  other 
varieties  were  also  taken  during  this  season,  from 
fruit  at  the  tops  of  the  trees  as  well  as  from  the  lower 
limbs.  Study  of  the  results  of  this  experiment  led  to 
the  following  conclusions : 

(1)  Growth  of  the  fruit  at  the  tops  of  the  trees 
was  considerably  more  rapid  during  the  greater  part 
of  the  season  than  of  those  at  the  bottom. 

(2)  Fruit  from  the  tops  of  trees  of  the  Stayman 
Winesap  variety  increased  from  300  square  milli- 
meters in  area  to  950  square  millimeters  within  ten 
days  (between  June  1  and  June  10).  The  subsequent 
increases  were  progressively  less  rapid. 

(3)  In  order  to  provide  an  adequate  deposit  on 
the  fruit  surfaces  during  this  early  period  the  second 
cover  spray  application  should  follow  the  first  by  not 
more  than  5  days.  The  third  application  should  fol- 
low the  second  by  not  more  than  9  days,  while  be- 

1  Authorized  for  publication  on  January  26,  1937,  as 
Paper  No.  760  in  the  Journal  Series  of  the  Pennsylvania 
Agricultural  Experiment  Station. 


tween  the  third  and  fourth  applications  13  days  may 
elapse.  Under  conditions  of  heavy  codling  moth  at- 
tack a  fifth  spray  may  be  necessary,  in  which  case 
an  application  17  days  after  the  fourth  should  serve 
to  maintain  a  deposit  adequate  for  protection  until 
early  in  August. 

While  the  results  given  above  apply  only  to  central 
Pennsylvania  conditions  and  the  details  of  the  method 
and  dates  of  application  may  vary  with  the  locality, 
it  is  felt  that  such  timing  of  spray  applications  is  of 
sufficient  importance  from  an  economic  and  practical 
point  of  view  to  merit  consideration  by  all  workers 
who  have  to  deal  with  the  problem  of  insect  control  on 
materials  of  this  type.     The  complete  results  will  be 

published  in  the  near  future.  _____ 

^  D.  E.  H.  Frear 

H.   N.   WORTHLEY 

ON  THE  STRUCTURE  OF  PECTIN  POLY- 
GALACTURONIC  ACID 

•  The  fundamental  problem  of  the  structure  of  an 
oligopolysaccharide  consists  in  elucidation  of  the  places 
of  union  of  each  monose  to  the  other  and  in  the  elucida- 
tion of  the  ring  structure  of  each  monose.  In  the  spe- 
cial case  of  the  pectin  polygalacturonic  acid,  this  in- 
formation was  lacking.  We  have  now  succeeded  in 
demonstrating  that  carbon  atoms  4  and  5  are  engaged 
in  the  ring  formation  and  in  the  condensation  of  each 
unit  with  its  neighboring  unit. 

This  information  was  obtained  by  degradation  of  the 
polygalacturonic  acid  with  periodic  acid  which  resulted 
in  the  formation  of  levotartaric  acid  which  has  been 
identified  as  its  acid  potassium  salt. 

For  C^H^OgK,  K  =  20.78  per  cent. ;  Found  K  =  20.70 

per  cent. 

[a]g=-22.0°  (in  water) 

and  for  the  undissociated  acid, 

[a]§=-15.0^ 

The  special  function  of  the  hydroxyl  groups  of  each 

of  the  carbon  atoms  4  and  5  remains  to  be  established. 

However,  it  is  safe  to  predict  that  the  hydroxyl  group 

of  carbon  atom  4  serves  for  condensation  and  that  of 

carbon  atom  5  for  ring  formation. 

P.  A.  Levene 

Leonard  C.  Kreider 

Rockefeller  Institute  for 
Medical  Research,  New  York 
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FOLIAR  DIAGNOSIS:  PRINCIPLES  AND  PRACTICE^ 

Walter     Thomas 
(with  seven  figures) 

Introduction 

As  a  result  of  the  broader  view  now  taken  with  respect  to  the  problems 
of  soil  fertility  it  is  recognized  that  the  conditions  required  for  maximum 
growth  must  be  sought  from  the  facts  of  plant  physiology  as  well  as  from  those 
of  soil  science.  For  satisfactory  growth  a  particular  soil  must  satisfy  certain 
conditions  with  respect  to  temperature,  and  to  nutrient,  water,  and  air  supply 
to  roots,  the  task  of  the  investigator  being  to  discover  the  best  means  of 
bringing  the  factors  that  govern  these  conditions  under  control.  For  this 
purpose  the  traditional  chemical  methods  both  of  plant  and  of  soil  analyses 
have  definite  limitations ;  some  have  been  abandoned,  others  are  still  in  use. 

In  recent  years  interest  has  been  renewed  in  the  possibilities  of  the  chemi- 
cal analysis  of  the  plant  as  a  means  of  studying  the  nutrient  relationships 
between  the  crop  and  the  soil  with  respect  to  (1)  the  physiological  require- 
ment of  a  particular  species  and  (2)  the  rate  of  supply  of  nutrients  (10),  i.e., 
the  supplying  power  of  the  soil  (27) .  It  is  well  established  that  the  composi- 
tion of  a  particular  plant  species  is  profoundly  influenced  by  the  composition 
of  the  soil  (40).  Consequently,  in  order  to  determine  the  influence  of  the 
soil  on  the  action  of  fertilizers  by  means  of  anal^^sis  of  the  plant  it  is  necessary 
to  experiment  first  with  plants  growing  in  a  relatively  homogeneous  soil  {vide 
infra)  using  systonatically  laid  out  plots  differentially  fertilized.  When 
this  is  done,  the  next  step  is  to  ascertain  the  nature  of  the  variation  in  the 
composition  of  plants  of  the  same  species  and  variety  in  similarly  treated 
(duplicate)  plots,  the  soils  of  pairs  of  which  may  show  all  types  of  variations. 

There  are  many  reasons,  however,  why  the  analysis  of  the  entire  plant  is 
not  tlie  best  means  of  approach  toward  the  problem  of  control  under  field 
conditions.  Apart  altogether  from  the  disadvantages  of  having  to  dig  up 
and  analyze  whole  plants,  the  results  obtained  by  the  gross  analysis  of  a 
mass  of  heterogeneous  organs  possessing  different  functions  are  not  a  suffi- 
ciently sensitive  comparative  index  in  reflecting  the  responses  of  the  plant 
to  differences  in  its  environment  (soil  and  weather)  (41).  The  classical 
investigations  of  Pierre  (34)  pointed  to  the  sensitivity  of  the  leaves  to 
changes  in  composition  resulting  from  differences  in  environment.  But  as 
long  as  no  care  was  taken  to  differentiate  between  leaves  of  different  ages 
little  progress  was  made.  The  presentation  of  the  gross  analysis  of  leaves 
of  all  ages  of  a  plant  species,  frequently  seen  even  in  present  day  literature, 

1  Authorized  for  publication  as  paper  no.  478  in  the  Journal  Series  of  the  Pennsyl- 
sylvania  Agricultural  Experiment  Station. 
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THE  APPLICATION  OF  SPRAYS  TO 
EXPANDING  PLANT  SURFACESi 

During  the  season  of  1934,  the  authors  had  occasion 
to  make  a  series  of  measurements  of  the  surface  areas 
of  apple  fruits  grown  in  the  college  orchard  at  State 
College,  Pa.  This  work  was  done  in  connection  with 
a  study  of  the  deposition  and  retention  of  lead  and 
arsenic  trioxide  on  the  fruit  and  leaf  surfaces  of  two 
varieties  of  apples  sprayed  with  three  spray  mixtures. 
From  these  measurements  and  from  the  chemical 
analyses  of  the  fruit  surfaces  for  the  two  toxic  ele- 
ments, it  was  apparent  that  the  expansion  of  the 
fruit  surfaces  during  growth  was  the  most  important 
single  factor  operating  against  the  maintenance  of  an 
adequate  deposit  for  the  control  of  chewing  insects, 
particularly  the  codling  moth  (Carpocapsa  pomonella 
L.).  The  effect  of  the  growth  was  particularly  great 
during  the  early  period  of  development  of  the  fruit, 
when  the  surface  areas  doubled  in  extent  within  four 
or  five  days.  It  was  reasoned  from  this  work  that 
spray  applications  would  be  more  effective  in  main- 
taining an  adequate  deposit  if  the  early  sprays  were 
applied  at  more  frequent  intervals,  thus  compensating 
for  this  rapid  increase! 

During  the  season  of  1935  ten  Stayman  Winesap 
trees  in  the  college  orchard  were  sprayed  with  a  mix- 
ture containing  lead  arsenate  3  pounds,  flotation 
(wettable)  sulfur  5  pounds  and  fish  oil  1  quart  per 
100  gallons  of  spray  mixture.  On  five  of  the  trees 
three  applications  were  made  at  regular  intervals  of 
14  days.  On  the  remaining  five  trees  applications  were 
made  at  intervals  of  4,  10  and  20  days  following  the 
first  application.  Samples  of  fruit  were  taken  for 
chemical  analyses  immediately  previous  to  and  fol- 
lowing each  spray  application.  More  extended  mea- 
surements of  growth  rate  of  fruit  of  this  and  other 
varieties  were  also  taken  during  this  season,  from 
fruit  at  the  tops  of  the  trees  as  well  as  from  the  lower 
limbs.  Study  of  the  results  of  this  experiment  led  to 
the  following  conclusions : 

(1)  Growth  of  the  fruit  at  the  tops  of  the  trees 
was  considerably  more  rapid  during  the  greater  part 
of  the  season  than  of  those  at  the  bottom. 

(2)  Fruit  from  the  tops  of  trees  of  the  Stayman 
Winesap  variety  increased  from  300  square  milli- 
meters in  area  to  950  square  millimeters  within  ten 
days  (between  June  1  and  June  10).  The  subsequent 
increases  were  progressively  less  rapid. 

(3)  In  order  to  provide  an  adequate  deposit  on 
the  fruit  surfaces  during  this  early  period  the  second 
cover  spray  application  should  follow  the  first  by  not 
more  than  5  days.  The  third  application  should  fol- 
low the  second  by  not  more  than  9  days,  while  be- 

1  Authorized  for  publication  on  January  26,  1937,  as 
Paper  No.  760  in  the  Journal  Series  of  the  Pennsylvania 
Agricultural  Experiment  Station. 


tween  the  third  and  fourth  applications  13  days  may 
elapse.  Under  conditions  of  heavy  codling  moth  at- 
tack a  fifth  spray  may  be  necessary,  in  which  case 
an  application  17  days  after  the  fourth  should  serve 
to  maintain  a  deposit  adequate  for  protection  until 
early  in  August. 

While  the  results  given  above  apply  only  to  central 
Pennsylvania  conditions  and  the  details  of  the  method 
and  dates  of  application  may  vary  with  the  locality, 
it  is  felt  that  such  timing  of  spray  applications  is  of 
sufficient  importance  from  an  economic  and  practical 
point  of  view  to  merit  consideration  by  all  workers 
who  have  to  deal  with  the  problem  of  insect  control  on 
materials  of  this  type.  The  complete  results  will  be 
published  in  the  near  future.  ^  ^  ^  ^^^^^ 

H.   N.   WORTHLEY 

ON  THE  STRUCTURE  OF  PECTIN  POLY- 
GALACTURONIC  ACID 


•  The  fundamental  problem  of  the  structure  of  an 
oligopolysaccharide  consists  in  elucidation  of  the  places 
of  union  of  each  monose  to  the  other  and  in  the  elucida- 
tion of  the  ring  structure  of  each  monose.  In  the  spe- 
cial case  of  the  pectin  polygalacturonic  acid,  this  in- 
formation was  lacking.  We  have  now  succeeded  in 
demonstrating  that  carbon  atoms  4  and  5  are  engaged 
in  the  ring  formation  and  in  the  condensation  of  each 
unit  with  its  neighboring  unit. 

This  information  was  obtained  by  degradation  of  the 
polygalacturonic  acid  with  periodic  acid  which  resulted 
in  the  formation  of  levotartaric  acid  which  has  been 
identified  as  its  acid  potassium  salt. 

For  C^HgOgK,  K  =  20.78  per  cent. ;  Found  K  =  20.70 

per  cent.  ^^jg  ^_  22.0°  (in  water) 

and  for  the  undissociated  acid, 

[a]g=-15.0^ 

The  special  function  of  the  hydroxyl  groups  of  each 

of  the  carbon  atoms  4  and  5  remains  to  be  established. 

However,  it  is  safe  to  predict  that  the  hydroxyl  group 

of  carbon  atom  4  serves  for  condensation  and  that  of 

carbon  atom  5  for  ring  formation. 

P.  A.  Levene 

Leonard  C.  Kreider 

Rockefeller  Institute  for 
Medical  Research,  New  York 
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FOLIAR  DIAGNOSIS:  PRINCIPLES  AND  PRACTICE^ 

Walter    Thomas 
(with  seven  figures) 

Introduction 

As  a  result  of  the  broader  view  now  taken  with  respect  to  the  problems 
of  soil  fertility  it  is  recognized  that  the  conditions  required  for  maximum 
growth  must  be  sought  from  the  facts  of  plant  physiology  as  well  as  from  those 
of  soil  science.  For  satisfactory  growth  a  particular  soil  must  satisfy  certain 
conditions  with  respect  to  temperature,  and  to  nutrient,  water,  and  air  supply 
to  roots,  the  task  of  the  investigator  being  to  discover  the  best  means  of 
bringing  the  factors  that  govern  these  conditions  under  control.  For  this 
purpose  the  traditional  chemical  methods  both  of  plant  and  of  soil  analyses 
have  definite  limitations ;  some  have  been  abandoned,  others  are  still  in  use. 

In  recent  years  interest  has  been  renewed  in  the  possibilities  of  the  chemi- 
cal analysis  of  the  plant  as  a  means  of  studying  the  nutrient  relationships 
between  the  crop  and  the  soil  with  respect  to  (1)  the  physiological  require- 
ment of  a  particular  species  and  (2)  the  rate  of  supply  of  nutrients  (10),  i.e., 
the  supplying  power  of  the  soil  (27) .  It  is  well  established  that  the  composi- 
tion of  a  particular  plant  species  is  profoundly  influenced  by  the  composition 
of  the  soil  (40).  Consequently,  in  order  to  determine  the  influence  of  the 
soil  on  the  action  of  fertilizers  by  means  of  analysis  of  the  plant  it  is  necessary 
to  experiment  first  with  plants  growing  in  a  relatively  homogeneous  soil  (vide 
infra)  using  systematically  laid  out  plots  differentially  fertilized.  When 
this  is  done,  the  next  step  is  to  ascertain  the  nature  of  the  variation  in  the 
composition  of  plants  of  the  same  species  and  variety  in  similarly  treated 
(duplicate)  plots,  the  soils  of  pairs  of  which  may  show  all  types  of  variations. 

There  are  many  reasons,  however,  why  the  analysis  of  the  entire  plant  is 
not  the  best  means  of  approach  toward  the  problem  of  control  under  field 
conditions.  Apart  altogether  from  the  disadvantages  of  having  to  dig  up 
and  analyze  whole  plants,  the  results  obtained  by  the  gross  analysis  of  a 
mass  of  heterogeneous  organs  possessing  different  functions  are  not  a  suffi- 
ciently sensitive  comparative  index  in  reflecting  the  responses  of  the  plant 
to  differences  in  its  environment  (soil  and  weather)  (41).  The  classical 
investigations  of  Pierre  (34)  pointed  to  the  sensitivity  of  the  leaves  to 
changes  in  composition  resulting  from  differences  in  environment.  But  as 
long  as  no  care  was  taken  to  differentiate  between  leaves  of  different  ages 
little  progress  was  made.  The  presentation  of  the  gross  analysis  of  leaves 
of  all  ages  of  a  plant  species,  frequently  seen  even  in  present  day  literature, 

1  Authorized  for  publication  as  paper  no.  478  in  the  Journal  Series  of  the  Pennsyl- 
sylvania  Agricultural  Experiment  Station. 
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k  of  no  service  in  diagnosis  because  neither  the  relative  nor  absolute  amounts 
of  the  mineral  entities  are  the  same  in  leaves  of  different  ages  Moreover, 
samples  taken  only  at  one  period  can  give  no  information  as  to  the  course  or 
nature  of  the  changes  in  nutrition  with  growth  in  relation  to  differences  m 
Sie  medium  The  further  development  of  the  method  of  leaf  analysis 
("diagnostic  foliaire")  as  a  means  of  studying  the  course  of  the  absorption 
of  mineral  elements  under  the  influence  of  different  growth  factors,  especially 
those  of  fertilizer  additions,  is  largely  due  to  the  labors  of  Lagatu  and 

Maume. 

Principles  of  the  method  of  foliar  diagnosis 

Of  the  numerous  methods  employed  to  control  the  nutrition  of  plants 
under  the  conditions  of  practical  agriculture  only  the  method  of  foliar  diag- 
nosis has  any  serious  claim  to  be  based  on  physiological  facts  established  by 
consistent  experimental  results  obtained  over  a  long  period  of  years  (15,  16, 
17  18,  19,  20,  21,  22,  26) .  The  laws  governing  the  facts  are  still  obscure, 
although  glimpses  of  their  working  have  been  revealed.  Some  of  the  facts 
and  their  implications  have  already  been  discussed  in  a  series  of  papers  by 
the  writer  (38,39,40,41). 

Pacts  upon  which  the  method  is  based 
.     The  experimental  facts  to  which  the  method  of  foliar  diagnosis  is  linked 

mav  be  briefly  summarized : 

1  Two  morphologically  homologous  leaves  of  the  same  species  and 
variety  are  the  seat  of  identical  physiological  processes  when  the  medium 
(soil  and  meteorological  factors)  of  the  two  is  identical  and,  conversely,  are 
the  seat  of  physiological  processes  that  are  different  when  the  medium  is 

different  (13,18,19,21). 

2.  The  composition  of  leaves  of  the  same  physiological  (metabolic)  age 
of  plants  grown  on  the  same  homogenous  medium  (soil  and  climatic)  and 
receiving  different  fertilizer  treatments  reflects  these  differences  in  the  sense 
that  whenever  a  fertilizer  element  (whether  N,  P,  or  K)  is  effective,  as  deter- 
mined by  the  response  of  the  plant  to  that  element,  that  response  is  always 
associated  with  an  increase  of  that  element  in  the  dry  foliage  (18,  19,  37). 
This  is  not,  as  might  appear  at  first,  a  principle  a  priori,  because  neither  the 
processes  of  migration  of  the  elements  into  the  leaf  from  the  stem  nor  export 
from  the  leaf  into  the  stem  is  under  consideration  in  the  method  of  foliar 
diagnosis  {vide  infra),  hut  only  the  amount  of  the  element  present  in  the  leaf 

at  the  moment  of  sampling. 

3.  The  composition— as  determined  by  periodic  analysis— of  leaves  ot  the 
same  physiological  (metabolic)  age  taken  from  plants  of  the  same  species 
growing  on  the  same  homogenous  medium  (soil  and  climatic)  but  receivmg 
different  fertilizer  treatments  are  related  to  their  development  (9,  18,  42). 


4.  The  magnitude  of  the  variations  in  the  composition,  with  respect  to 
the  dominant  nutritive  elements,  of  leaves  of  the  same  physiological  age  from 
plants  of  the  same  species  grown  in  a  homogenous  soil  and  subjected  either 
(1)  to  differential  fertilizer  treatment  under  the  same  meteorological  con- 
ditions, or  (2)  to  the  resultant  of  meteorological  factors  acting  in  each  par- 
ticular growing  season,  is  relatively  quite  large  and,  therefore,  easily  deter- 
minable. This  delicate  sensitivity  of  the  leaf  is  no  doubt  related  to  its 
role  as  the  laboratory  of  synthesis  of  the  plant  (41) . 

An  ' '  IDEAL ' '  SOIL  NON-EXISTENT 

Reference  has  been  made  to  a  "homogenous"  (uniform)  soil.  Such  an 
ideal  soil,  of  course,  does  not  exist  in  nature.  If  an  area  of  land  is  divided 
into  two  plots,  A  and  B,  which  are  managed  and  fertilized  alike  and  are  sown 
at  the  same  time  with  selected  uniform  seed,  the  yields  may  be  different  even 
when  the  land  appears  uniform  to  the  eye.  The  yields  may  and,  generally, 
will  be  widely  different  if  the  contour  of  one  part  differs  greatly  from  the 
contour  of  the  other,  because  the  soil  factors  associated  with  differences  in 
depth  and  texture  will  be  different.     If  the  land  is  fairly  level  and  the  soil 

uniform,  however,  the  relative  percentage-difference  in  yield  {-y- ^  1^0 
of  two  plots  treated  alike  will  generally  not  exceed  5  to  10  per  cent.,  which 
limit  for  the  purpose  of  the  type  of  investigation  we  are  considering  in  this 
paper  is  sufficiently  close  to  discover  and  elucidate  rules  or  principles. 

Definition  of  foliar  diagnosis 
Foliar  diagnosis  is  characterized  (18)  as  (a)  the  chemical  composition 
of  a  leaf  with  respect  to  the  dominant  nutritive  mineral  entities  at  the  instant 
of  sampling,  taken  from  a  predetermined  and  suitable  position  on  the  stalk, 
(b)  The  foliar  diagnosis  for  any  given  season  (year)  then  will  consist  of  a 
sequence  of  chemical  states  (composition)  as  determined  under  (a)  on  dif- 
ferent dates,  i.e.,  at  different  periods  during  the  growth  season.  The  com- 
position is  based  on  the  dry  matter  of  the  leaf  without  taking  into  considera- 
tion the  weight  of  the  dry  material  at  each  sampling  or  the  number  of  leaves 

sampled  from  each  plant.  . .  -7    j  j 

It  is  clear,  therefore,  that  no  physiological  significance  can  be  attributed 
to  the  foliar  diagnosis  of  any  one  fertilizer  treatment  (plot)  consulered  alone. 
The  method  is  comparative  just  as  the  method  of  analysis  of  entire  plants  is 
comparative  (41).  Foliar  diagnosis  considered  independently  of  all  other 
field  data  and  of  all  other  foliar  diagnosis  has  no  physiological  significance. 

Proper  form  to  express  mineral  element  content.— The  criticism 
by  Bartholomew,  Watts,  and  Janssen  (2)  of  the  method  used  by  the 
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■.  nf  Pvnrpssin-  the  mineral  content  of  a  leaf  on  the  basis  of  per- 
TeZ:  o^Zl^^eTin  the  dried  material  is^  the  result  of  misunder- 
andhl  and  a  confusion  of  thought.  As  James  (12)  has  well  emphasized 
he  d^^erent  ways  of  expressing  the  mineral  content  of  plants  m  studies  of 
Ltll Ttriron  must  be  considered  in  relation  to  suitability.  Each  case 
Tust  b  considered  on  its  merits.  In  the  present  instance,  there  can  be  no 
Tn"  gu  ty  nor  question  that  the  dry  weight  unit  is  the  correct  one.  Fur- 
?hermore!it  is  incorporated  in  the  definition  of  foliar  diagnosis  (p.  573) . 

Nomenclature 
In  investigations  concerned  with  the  mechanism  of  penetration  into  and 
traislocat  on  within  the  plant  the  logical  procedure  is  to  refer  to  all  results 
H™      t"ie  ions  K,  Ca'  Mg,  NO^,  H..PO.  etc.     In  physiological  investiga- 
S>nThaving  a  direct  agronomical  application   ^^^.^^^^^^^jl'^^J^^ 
suitable  one.     The  facts  are  that  in  practical  agriculture  and  in  the  arts 
dependent  upon  it,  a  different  mode  and  only  one  mode  of  ^---^f - 
nationally  used  for  the  dominant  fertilizer  principles  or  entities.     These  are 
N  for  nitrogen,  P.,0.  for  phosphoric  acid,  and  K.O  for  potash.     The  writer 
has  adopted  this  international  nomenclature  in  this  paper.     And,  as  a  matter 
of  comeldence,  reference  will  frequently  be  made  to  the  three  dominan 
principles  as  "elements"  or  "entities."     This  should  cau^e  "«  '^^"i"^^^;^;^* 
the  reader  keeps  in  mind  that  all  results  are  expressed  as  N,  P.p.,,  and  i^.AJ. 

Two  METHODS  OF  EXPRESSING  FOLIAR  DIAGNOSIS  GRAPHICALLY 

The  graphic  presentation  of  the  results  of  the  periodic  analyse.,  of  the 
leaves  is  important  in  the  method  of  interpretation  and  may  be  done  in  one 
of  two  wavs :  (1)  In  terms  of  the  percentage  of  the  respective  elements  in  the 
dried  foliage  as  the  ordinate  and  with  the  dates  of  sampling  as  the  abscissa. 
(2)  If  onlv  nitrogen,  phosphoric  acid,  and  potash  are  to  be  considered,  the 
results  mav  also  be  expressed  graphically  in  trilinear  coordinates. 

The  advantage  of  the  first-mentioned  method  is  that  it  possesses  the 
capacity  of  expressing  any  number  of  elements  for  which  analysis  has  been 
made  and  of  showing  the  course  of  eacli  independently.  The  second  method 
is  limited  to  three  entities,  in  this  case  to  nitrogen,  phosphoric  acid,  and 
potash-elements  which  may  properly  be  correctly  considered  as  a  unit  ot 
NPK  inasmuch  as  the  content  of  all  three  in  the  dry  foliage  decreases  with 
the  age  of  the  leaf,  differing  in  this  respect  from  Ca  and  Mg  which  accumu- 
late with  age. 

Basic  assumption  in  fertilizer  plot  EXPERiMENTS.-The  development 
and  yield  of  a  plant  is,  as  already  emphasized  (p.  571),  not  exclusively  de- 
pendent on  nitrogen,  phosphorus,  and  potassium.     In  drouth  years  water 


would  be  the  principal  factor  influencing  yields.  This  factor  and  others 
associated  with  differences  in  soil  texture  will  also  enter  in  if  the  soil  of  the 
plots  is  not  uniform.  Consequently,  there  can  be  no  a  priori  right  to  relate 
the  development  and  yield  to  the  composition  of  the  leaf  in  terms  of  nitrogen, 
phosphoric  acid,  and  potash.  Nevertheless,  fertilizer  field-plot  experiments 
are  based  on  the  assumption  that  the  other  factors  for  the  plots  to  be  com- 
pared are  nearly  equal.  When  they  are  not,  recourse  is  had  to  many  repli- 
cates. The  present  trend  is  to  plan  field  plots  in  such  a  way  that  each  experi- 
ment gives  a  measure  of  its  own  error,  although,  of  course,  they  can  never 
be  exact. 

Quantitative  index  expressing  effect  of  a  fertilizer  entity 
It  has  been  a  tradition  to  define  the  response  to  different  fertilizer  treat- 
ments in  terms  of  the  fertilizer  or  salts  used.  This  point  of  reference  has 
been  used  not  only  by  the  practical  agriculturists  but  also  by  mathematicians 
(7),  physiologists  (8),  and  by  agronomists  generally.  But  when  the  fertil- 
izer (or  nutrient  salt)  treatment  is  used  as  the  point  of  reference  it  is  diffi- 
cult to  ascertain  whether  the  effect  is  due  to  the  sum  of  the  individual  ele- 
ments (ions)  or  to  an  effect  proportional  to  their  product  or  even  to  a  more 
complicated  function  of  their  individual  effects  (7,  8, 14) . 

If  however  a  more  rational  base  of  reference  be  taken,  viz.,  the  compo- 
sition of  the  plant  or  better  its  "reflect,"'  viz.,  a  leaf  suitably  chosen   the 
problem  is  considerably  simplified.     On  this  basis  we  may  define  without 
ambiguity  the  quantitative  index  expressing  the  effect  of  any  one  fertilizer 
element  at  the  moment  of  sampling  the  leaves  from  any  one  plot,  as  the  ratio 
of  the  amount  of  that  element  contained  in  the  leaves  of  the  plant  growing 
on  the  plot  considered,  to  the  amount  of  that  element  in  the  homologous 
leaves  from  a  plant  growing  on  a  plot  receiving  no  fertilizer  sampled  at  the 
same  time.     Likewise,  the  quantitative  index,  expressing  the  effect  of  any 
combination  of  the  elements  present  in  the  fertilizer  used  in  any  plot  at  the 
moment  of  sampling  the  leaves,  may  be  defined  as  the  ratio  of  the  sum  of 
the  elements  considered,  contained  in  the  leaves  of  plants  growing  on    his 
plot  at  the  moment  of  sampling,  to  the  sum  of  these  elements  in  morpholog- 
ically homologous  leaves  of  plants  growing  on  the  unfertilized  plot. 

Concepts  of  quantity  and  quality  of  nutrition 
Inherent  in  the  expression  of  the  analyses  in  terms  of  the  dried  foliage 
are  two  concepts,  viz.,  that  of  quantity  and  quality  of  the  mineral  constitu- 
:sTre  concept  otquantity  or  intensity  of  nutrition  of  the  selected  leaves 
consists  of  the  sum  (N.P.O.  .K.O)  of  each  element  at  the  moment 
samplin.^  expressed  as  a  percentage  of  the  dried  material.  The  quahty  of 
nuTrition  is  the  ratio  of  these  entities  to  each  other  at  the  moment  of  sampling. 


576 


PLANT   PHYSIOLOGY 


THOMAS  :  FOLIAR  DIAGNOSIS 


577 


Composite  NPK-unit 

,,XT»XTT    VFRTILIZER    PRINCIPLES    AS    A   UNIT.— 
EXPRESSING    THE   THREE   DOMINANT    FERTIL  ^^.^^  ^^^.^^^ 

The  quantities  of  nitrogen,  phosphoric  acid,  and  pot 

are  expressed  as  a  unit  (23, 24)  as  ^^^^^^'^  ^^  p^^.  and  z  the  per- 

Let  X  be  the  percentage  of  N,  y  tne  P  »  ^^  sampling, 

centage  of  K.O  in  the  dry  material  of  the  leaf 

Let  s  =  x  +  y  +  z- 

.-.     .f  mineral  nutrients  supplied  by  N,  P2O5,  and 
Then  s  denotes  a  quantity  of  mineral  nut  y  ^^^^  considered 

K  0  in  proportion  to  the  amounts  x,  y,  and  z  present 
ftfhe  m'oment  of  sampling.    Dividing  by  s  we  get 

.    x^y^z  (2) 

.,ere^    ^,  and  ^  represent   fractions   which    indicate    the    proportion 
eontrib:.;  by  N,  ^.0.  and  K.O,  respectively,  to  a  unit  quantity  of  the 

X  .   ,  V.  y  V.V  V     and  -  by  z..      Substitut- 

three  elements.  Let  |  be  denoted  by  x„  -  by  y„  ^  W 

ingin(2),weget  ^  +y,  +  j,  =  l.  ''' 

The  quantity  .. .  y. .  ^,  "^''•-"X'\°°-"':^°:J X^'^^'^^ 

P,0„  and  K.0  in  the  -Jf"'" '"""fr  totll  quantity  s  ot  N,  P.O.,  and 
.«  that  th.  nm.  is  .ndependent  '^^^^^^^^^^l  J „„,,„„,  »  a  .««- 

'"'ne  magnitude  denoted  by  ^^r^^^^^^^H  i;'^  ^X^. 
phosphoric  acid,  and  potash  conlamed  n  100  P»J  »'  »  f  ,  ,„ 

L  Jntly,  s  expresses  the  ,.«....„  <-«7;>'„>^f  ""W  "."mlht  no'  seem 
nitrogen,  phosphorns,  and  pol.ssmm.      ^«  "' f  "^^^^^^^^^        ,,  N,  P,0„ 

'"fKo"  Ztev^rnUrth^^hrr ::.::ionti:^»>ved  are  not  eon- 
-dt^t  t"-;r.sion  bnt  „„,y  the  am.„^^^^  ^J::^-^ 
*'?  'T.T  :TrZ:lT::lZt>:^'^'^  agric„,.nre.  it  wonjd 
S'*:„g;««£'i«  exptS  the  characteristic  i.,ens,,y  o,  ...W.,.»  .n  mdl- 


of  nutrition  are  abstractly  distinct,  they  are  inseparably  connected  in  the 
physiological  processes  of  the  leaf.  They  must,  therefore,  be  considered 
simultaneously  when  relating  the  nutrition  with  respect  to  NPK  of  a  leaf 
and  its  physiological  effect  on  the  development  of  the  plant. 

Diagrammatic  illustration  of  NPK-unit  concept. — These   concepts 
may  be  illustrated  in  the  following  manner  (25) . 
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Y     Y 
/V    /^O^  Kf    R 


N^qO^-tKOtR 
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■r--- 


100 
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Fig.  1.     Diagrammatic  representation  of  tlie  concept  of  the  method  of  foliar  diagnosis. 

In  figure  1  let  F  represent  a  leaf  into  which  are  migrating  substances 
containing  N,  P,  K  plus  other  materials  (R).  Of  the  substances  entering 
the  leaf  a  portion  will  be  elaborated,  and  a  portion  will  remain  in  an  un- 
elaborated  form.  Let  the  quantities  of  all  nutrients  present  at  the  par- 
ticular instant  of  sampling  a  leaf  be  represented  by  a  communicatmg 
vessel  i^i  of  capacity  100,  of  which  x  +  y  +  z  =  s  represents  the  quantities  of 
N  +  P„0.  +  K^O  in  100  parts  of  the  dried  foliage  and  r  the  other  substances 
present  also  in  percentage  of  the  dried  foliage.  F^  represents  the  type  of 
investigation  with  which  foliar  diagnosis  is  concerned.     F^  may  then  be 

regarded  as  an  indicator  of  s. 

Let  us  now  imagine  another  vessel  (FJ  o/  unii  capacity  to  be  connected 
with  F„  completely  filled  at  the  instant  considered,  and  into  which  only 
N,  P.O.,  and  K,0  are  entering  and  in  the  same  proportion  as  they  are  present 
in  F  and,  consequently,  also  in  F,.  Let  us  also  suppose  that  N,  P,0„  and 
K.O  are  separated  in  F„  into  three  layers  as  shown  in  the  diagram.  Tlien 
the  sum  of  the  quantities  x.,  y„  z,  of  nitrogen,  phosphoric  acid,  and  potash 
respectively,  of  F,  is  always  equal  to  1.     The  vessel  F,  may  then  be  regarded 

as  the  indicator  of  x„  y„  z„  where  Xi=-,  yi  =  -.  and  Zi=-. 

Calculation  op  NPK-unit  in  terms  of  milligram  equivalents.— 
The  quality  factor  of  nutrition,  i.e.,  the  proportion    (ratio)   of  elements 
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,„„,  .  ..e  .ear  .  J,.e  ..eeU™  ^^1^:^^^ 

;:„ixrrr.r.f i.  :^e^-'  -«»-  -*-  ^'-=  -• 

caleuUttd  as  follows :  ,  „  „  ,^e  percentage  of  P,0„  and  M.  the 

Ut  M.  be  *«  P-™:,"  .I't.L:.  of  sampling.     Then,  reduein, 
percentage  of  KoO  m  tne  leai  cu 
to  milligram  equivalents :  ^ 

Let 
Dividing  by  S,  we  get  ^^    ^^    ^^  ^^^ 

E,  E,  B,  respectively,  represents  a  fraction  which  indicates  in 
..lUgl  e,niv.len.s  the  proportional  parts  of  N,  P.O..  K.O  .„  a  nn.t 
quantity  of  the  three  elements. 

Let^i  be  denoted  by  x\  then  Ex  =  x'S 
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S 

s 


i  i 


( ( 


"  yi,    "    Ey  =  y'S 


<<    zi^     "     E.=  z^S 


xi  +  y'  +  z^  =  1. 


(6) 


The  Quantity  x^  +  y^  +  z^  represents  the  composition  of  the  NPK-unit  of 

equation  (6)  by  100.     Then 

100  x^  + 100  y^  + 100  z»  =  100. 
Let  X  =  100x\   Y  =  100yS   Z  =  100z>. 

X+Y  +  Z  =  100.  ^" 

xTy  +  Z  is  denoted  the  composite  NPK-unit  or,  for  simplicity,  the  NPK- 
X  +  X  +yj  IS  uKiwitiu  f  V  V   7  tliprp  is  one  point  and  only 

unit.     For  each  simultaneous  value  of  X,  Y,  Z  there  is  one  p 
one  on  an  equilateral  triangle  each  of  whose  sides  =  100. 

coordinate  point  moves  in  the  direction  of  t  -  — ^^  "M  ^     -n  le  J.^^ 

^'  ^  xr-iOO  npr  cent    in  the  NPK-unit,  the  greater  is  lae  p^^p 
sentmg  N  -  100  per  cent^    n  ^^^..^.^^  of  the  locus  of  a  coordinate 

of  nitrogen  m  this  unit.    Likewise,  ine  muvtiuci  tt  a  -  100  ner 

point  toward  the  left  base-apex  of  the  triangle  representing  K.O  - 100  per 


cent,  in  the  NPK-unit,  the  greater  the  proportion  of  potash  in  this  unit. 
Similarly,  changes  in  the  direction  of  the  locus  of  a  point  towards  the  right 
base-apex  of  the  triangle  shows  that  P.,0,-,  in  the  NPK-unit  has  increased. 

Application  of  method 
Plots  with  treatments  used 

The  potato  plants  used  in  this  investigation  were  grown  on  tier  1,  sec- 
tion B  of  the  Vegetable  Fertility  Plots  of  the  Department  of  Horticulture. 
These  'plots  were  laid  out  in  1916.  The  description  of  the  experimental 
lay-out  given  by  Mack  (29)  is  in  part  as  follows : 

"The  area  is  laid  out  in  four  sections,  245.8  feet  wide  and  308.4  feet 
lono^  .  .  Each  of  the  sections  is  divided  into  six  tiers.  ...  The  tiers 
are^further  divided  into  seventeen  plots,  the  dimensions  of  which  are  12 
bv  36  3  feet,  and  which  are  separated  from  each  other  by  guard  strips  6  feet 
wide.      The  area  of  the  plots,  exclusive  of  guard  strips,  is  exactly  1/100 

of  an  acre."  ,  , 

The  four-year  rotation  consists  of  cabbage,  potatoes,  tomatoes,  and  sweet 

corn  with  timothy  and  rye  as  a  green-manure  crop.  \        ,        a 

The  plots  examined  in  this  paper  together  with  their  treatments  and 
yields  (in  1935)  are  given  in  table  I. 

TABLE  I 

Plots  with  numbers  and  treatments 


Tier 


Plot 

NO. 


Commercial 
fertilizer 

APPLIED 


Commercial 
fertilizer 

APPLIED 
TO  PLOT 


N,  P0O5, 

AND  KoO 
EQUIVALENT 


Symbol 

USED 


1 
1 
1 
1 

1 

1 


2 
3 
i 
6 


8 


10 


Sodium  nitrate 

Superphosphate 

Potassium  chloride 

Sodium  nitrate 
Superphosphate 

Sodium  nitrate 
Potassium   chloride 

Superphosphate 
Potassium  chloride 

Sodium  nitrate 
Superphosphate 
Potassium   chloride 


Ih. 
4.0 

6.25 

1.666 

4.0 
6.25 

4.0 
1.666 

6.25 
1.666 

4.0 

6.25 

1.666 


lb. 
0.6 

1.0 

0.8 

0.6 
1.0 

0.6 
0.8 

1.0 

0.8 

0.6 
1.0 
0.8 


N 
P 
K 

NP 

NK 

PK 

NPK 


Yields 

PER 
PLOT 

109 
114 
155 

124 
163 
148 

162 


The  complete  fertilizer  then  has  a  ratio  of  N:P.O-.K,0  of  0.6 
or  6 :  10 :  8. 


•.1.0:0.8 
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The  plots  of  tier  1,  section  B,  examined  in  this  experiment  were  relatively 
uniform  within  the  limitations  defined  on  page  573.  These  plots  represent 
only  a  few  of  the  fertilizer  combinations  used  in  these  crop  fertility  experi- 
ments Other  amounts  with  the  same  and  also  with  different  ratios  are 
applied  to  the  remaining  plots.  The  best  treatments  reported  m  this  paper, 
viz  NK  and  NPK,  are  not  those  which  have  given  the  highest  yields  m  this 
lon<^  continued  experiment.  The  highest  yield  obtained  with  commercial 
ferdlizers  has  been  secured  by  a  complete  fertilizer  containing  the  same  quan-. 
tity  of  nitrogen  and  potash,  but  containing  50  per  cent,  more  phosphoric  acid. 

Selection  and  sampling  of  leaves 
Ideal  sample.— The  ideal  sample  at  any  selected  sampling  date  would  con- 
sist of  leaves  of  the  same  rank— (physiological  or  metabolic  age)— on  the 
stalks  taken  at  the  same  time  from  a  sufficient  number  of  plants  in  a  row 
along  the  plot  to  give  a  sample  representative  of  the  plot.  Each  successive 
row  would  then  be  sampled  in  like  manner  on  each  of  the  successive  sampling 
dates.  The  leaf  chosen  from  a  plant  would  conveniently  be  the  one  immedi- 
ately above  the  caducous  leaves  at  the  base  of  a  stalk. 

Sampling  in  relation  to  senescence.— Under  practical  field  conditions 
one  must  determine  beforehand  the  rank  of  the  leaf  or  leaves  to  be  selected, 
for,  as  explained  earlier  in  this  paper  (pp.  573,  574),  the  method  consists 
essentially  of  a  comparison  of  the  mode  of  nutrition  of  leaves  of  the  same 
metabolic  or  physiological  age  from  plants  growing  on  plots  subjected  to 
different  factors.     To  this  end  the  longer  the  period  of  observation  the  greater 
will  be  the  information  obtained  with  respect  to  the  differences  in  the  course 
(nature)  of  the  nutrition  in  response  to  the  different  treatments.    If  two  plots 
receiving  different  treatments  are  planted  the  same  day,  the  plants  growing 
thereon  will  not  reach  maturity  at  the  same  time.    At  any  intermediate  date 
the  plants  considered  will  be  at  different  stages  of  their  life  cycle,  which  can 
be  determined  in  a  general  way  by  observation.    With  the  qualification  to  be 
made  later,  the  shorter-lived  plants  will  show  the  greater  amount  of  color 
change — from  green  to  yellow  and  then  brown.     In  the  case  of  the  potato 
leaf  a  stage  is  reached  at  which  a  golden  yellow  appears,  followed  by  a  further 
and  final  color  change  when  it  shrivels  and  becomes  a  dark  brown  and  shortly 
after  which  it  drops  from  the  stem.    These  color  changes  are  in  general  an 
indication  of  their  metabolic  age  and  the  proportion  of  yellow  and  withered 
leaves  on  the  plant  is  an  index  of  condition. 

Causes  op  senescence. — The  aging  of  leaves  has  been  associated  with 
the  disappearance  of  potassium  (3,  5),  of  nitrogen  (4),  of  water  (6),  and  of 
all  three  elements,  N.  P,  and  K,  simultaneously  (36).     The  fact  that  an  in- 


creased supply  of  K  has  been  found  to  delay  breakdown  of  the  mechanism 
causing  aging  (11)  and  that  at  higher  concentrations  this  balance  is  under 
certain  conditions  upset,  when  yellowing  becomes  as  fast  or  faster  than  with 
a  deficiency  (11),  indicates  that  the  mechanism  is  conditioned  by  physiologi- 
cal balance.    In  many  instances,  cause  cannot  be  distinguished  from  effect  (3) . 

Method  of  sampling. — Only  under  the  practical  field  conditions  of  potato 
growing,  where  plants  are  planted  in  rows  relatively  close  together  and  are 
well  nourished,  is  the  problem  of  sampling  in  relation  to  senescence  of  much 
moment.  In  such  plants  leaves  higher  up  than  the  second  and  third  may 
commence  to  wither  before  the  end  of  the  alloted  sampling  dates.  This  dif- 
ficulty may  be  overcome  in  one  of  two  ways.  The  one  would  be  to  take  sam- 
ples of  the  second  or  (and)  third  leaf  from  a  stalk  at  short  intervals  of  time. 
Then  when  the  plants  are  sufficiently  developed  to  take  simultaneously  sam- 
ples of  higher  rank  on  the  stalk,  e.g.,  the  seventh  and  eighth  leaf,  and  finally, 
as  the  plant  matures,  leaves  still  higher,  e.g.,  the  twelfth  or  thirteenth  leaf. 
This  method  of  sampling  has  the  advantage  of  giving  three  sets  of  overlapping 
samples  which,  if  the  plants  are  not  subjected  to  too  violent  external  distur- 
bances, may  be  regarded  as  of  corresponding  successive  physiological  ages. 
The  three  sets  of  samples  must  then  be  treated  separately  in  reporting  results. 
This  method  will  be  illustrated  in  a  later  paper. 

The  second  method  of  overcoming  the  difficulty  is  to  sample  a  leaf  from 
a  particular  position  higher  on  the  stalk,  e.g.,  the  fourth  or  fifth  leaf,  which 
would  give  reasonable  assurance  of  enabling  observations  to  be  made,  say 
at  three  or  four  dates  at  intervals  of  about  12  to  20  days.  The  exact  interval 
between  samplings  is  not  important.  In  the  case  of  the  potato  plant  the 
writer  has  found  that  there  is  at  any  given  intermediate  stage  of  maturity 
a  progressive  increase  in  nitrogen  and  phosphoric  acid  and  a  progressive 
decrease  in  potash  of  the  dry  matter  of  the  leaf  as  one  proceeds  from  the 
base  upward,  i.e.,  the  younger  the  leaf  is.  {Cf.  MacGillivray,  28,  James  and 
Penston,  13,  and  Penston,  32.) 

Accordingly,  in  the  latter  method  of  sampling  there  will  be  a  slight  pro- 
gressive shift  in  rank  on  the  stalk  of  the  leaf  of  that  rank  with  time.  How- 
ever, the  differences  expressed  as  percentages  of  the  dried  foliage  with  re- 
spect  to  N,  P,0„  and  K.O  of  two  consecutive  leaves  on  the  stalk  of  all  cul- 
tivated plants  thus  far  investigated  have  been  found  to  be  relatively  insig- 
nificant compared  with  the  differences  between  the  composition  of  leaves  of 
the  same  or  approximately  the  same  physiological  age  from  plots  receiving 
different  treatments.  This  has  been  found  to  be  true  for  any  two  successive 
leaves  of  the  potato  plants  in  these  experiments.  Such  differences,  there- 
fore, for  the  purpose  of  this  type  of  inquiry  may  be  neglected. 

Diurnal  variations  exist  in  the  content  of  nitrogen,  phosphoric  acid,  and 
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potash  in  the  leaves  of  the  potato  (33).  The  magnitude  of  these  diurnal 
variations  is  also  insignificant  compared  with  the  magnitude  of  the  changes 
considered  in  the  method  of  foliar  diagnosis.  Samples,  however,  should  be 
taken  during  the  same  day. 

In  the  present  experiments  leaves  were  sampled  on  four  different  dates 
during  July  and  August,  and  from  consecutive  rows  on  each  successive  date 
from  two  stems  issuing  from  the  mother  tuber  from  each  of  the  fourteen 
plants  in  a  row.  The  number  of  samplings  is  arbitrary  but  at  least  three 
samplings  should  be  made.  The  number  of  leaves  sampled  is  also  immate- 
rial but,  obviously,  should  not  vary  too  greatly  from  one  plot  to  another. 
The  development  of  the  plants  sampled  from  each  plot  should  be  regular  and 
homogeneous,  for  unless  this  is  the  case  there  would  be  no  justification  for 
considering  the  samples  as  representing  an  average  sample. 

It  should  now  he  clear  that  foliar  diagnosis  must  he  expressed  in  terms  of 
the  rank  of  the  leaf  on  the  stem,  the  variety  of  plant,  and  the  year  in  which 
samples  were  taken. 

Removal  of  spray  residues^  soil,  and  dust  from  leaves 

The  spray  materials  used  contained  calcium  (and  magnesium).  It  is 
desirable  to  remove  as  much  spray  material  from  the  leaves  as  possible,  in- 
cluding any  soil  and  dust  adhering  thereto,  so  as  not  to  affect  the  weight  of 
the  dry  material  taken  for  analysis.  The  soil  and  dust  are  easily  removed 
and  most  of  the  spray  materials  also  by  brushing  with  a  stiff  brush  in  the 
field  immediately  after  the  samples  are  taken. 

Method  of  drying  leaves 

The  leaves  were  dried  in  a  drying  oven  at  100°  C.  after  being  brought  in 
from  the  field  and  then  finely  ground  in  a  Wiley  mill. 

Determination  of  nitrogen,  phosphoric  acid,  and  potash 
Nitrogen  was  determined  by  the  Kjeldahl-Gunning  method  to  include 
the  nitrogen  of  nitrates  (1),  phosphoric  acid  by  the  Richards  and  Godden's 
(35)    modification    of   the    Pemberton-Neumann    (30,  31)    method,    and 
potash  by  the  Lindo-Gladden  method  (1). 

Presentation  of  results 
Table  II  gives  the  results  of  the  analysis  of  the  fourth  and  fifth  leaves 
expressed  in  (a)  percentage  of  N,  P,0„  and  K,0  in  the  dried  foliage,  (b) 
milligram  equivalents,  and  (c)  the  NPK-unit. 

Calculation  of  loci  of  NPK-unit 
The  following  illustrates  the  method  of  calculating  a  coordinate  point : 
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The  analytical  results  (table  II)  for  the  N  plot  (no.  2)  sampled  July  7 
are  N  =  5.12  per  cent.,  P.Os  =  0.404  per  cent.,  and  K,0  =  3.97  per  cent. 

The  intensity  of  nutrition  (s)  of  the  selected  leaves  for  the  N  plot  on  July 

7  is,  therefore, 

N  +  Ffi,  +  K^O  =  5.12  +  0.404  +  3.97  =  9.494 

To  evaluate  the  NPK-iinit  the  percentage  values  are  converted   (pp. 
577,  578)  into  milligram  equivalents  (M.E.)  of  N,  P^O,,,  and  K.O  as  follows: 

Ex  =  1000x0.0714x5.12   =365.568  M.E.  of  N 
Ey  =  1000  X  0.0423  x  0.404  =    17.089  M.E.  of  F.O, 
E,  =  1000  X  0.213    X  3.97    =   84.561  M.E.  of  K,0 


Hence 
and 


S  =  E.  +  Ev  +  E,  =  365.568  + 17.089  +  84.561  =  467.218 


Ex  100  X  365.568 
X  =  100 


S 


467.218 


=  78.244 


Y.iOO^  =  i55,U^=  3.658 


S 

E, 

Z  =  100  ^  = 


467.218 

100  X  84.561 
467.218 


=  18.098. 


These  values  give  the  three  coordinate  points  required.  It  should  be 
noted  that  78.244  +  3.658  +  18.098  =  100.  We  then  have  for  each  simulta- 
neous value  of  X,Y,Za  representative  point  and  only  one  upon  the  surface 
of  an  equilateral  triangle  the  sides  of  which  are  expressed  in  100  units. 

Meteorological  conditions  during  1935  growing  season 
The  foliar  diagnosis  specified  in  this  paper  is  that  for  the  fourth  and  fifth 
leaves  for  the  potato  variety  Rural  Russet  for  the  year  1935.  As  a  matter 
of  record  the  meteorological  conditions  (rainfall  and  mean  daily  tempera- 
ture) for  the  month  preceding  the  sampling  and  for  the  intervals  between 
samplings  are  given  in  table  III. 

TABLE  III 

Kecord  of  meteorological  conditions 


t 


Mean  daily 
temperature 


June  1-30  

July  6-29  

July  30-Aug.  9 
Aug.  10-24  


OF. 
66.5 
73.5 

70.8 
71.4 
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Interpretation  and  discussion  of  results 
Indications  given  by  first  method  of  graphic  presentation  based  on 

PERCENTAGES  OF  ELEMENTS  IN  DRIED  FOLIAGE  AS  ORDINATE  AND 

DATES  OF  SAMPLING  AS  ABSCISSA 

When  the  percentage  of  an  element  in  the  dried  foliage  at  a  particular 
sampling  date  is  plotted  as  the  ordinate  and  the  dates  of  sampling  as  the 
abscissaras  described  in  the  first  method  (p.  574),  the  relationships  between 
the  composition  of  the  leaves,  with  increasing  age,  from  plants  growing 
on  the  respective  plots  are  clearly  brought  out  and  are  shown  in  figure  2. 
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Fig.  2.  Periodic  analysis  of  the  fourth  and  fifth  leaves  of  potato  plants  growing  on 
the  differently  treated  plots  showing  percentage  of  elements  in  the  dried  foliage  as  ordi- 
nates  and  the  dates  of  sampling  as  abscissa. 


The  indications  given  by  the  graphs  are  summarized  below : 
Nitrogen  graphs. — The  content  of  nitrogen  expressed  as  percentage  in 
the  dried  foliage  of  plants  which  received  mineral  nitrogen  applications  is 
higher  throughout  the  whole  period  than  in  those  which  received  none. 
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Furthermore,  the  nitrogen  content  decreases  with  the  increasing  age  of  the 
leaf  throughout  the  whole  period  in  all  plots. 

Phosphoric  acid  graphs. — The  content  of  phosphoric  acid  expressed  as 
a  percentage  in  the  dried  foliage  from  plants  which  received  phosphate  appli- 
cations is  higher  throughout  the  whole  period  than  in  those  which  received 
none.  The  phosphoric  acid  content  decreases  with  the  increasing  age  of  the 
leaves  of  plants  growing  on  plots  to  which  mineral  phosphate  was  added; 
but  in  the  leaves  of  all  plants  which  did  not  receive  mineral  phosphate  addi- 
tions a  maximum  occurs  at  the  second  sampling  (July  29),  after  which  the 
content  of  P2O5  again  decreases  regularly  with  the  increasing  age  of  the  leaf. 
This  accumulation  is  undoubtedly  a  temperature  effect.  The  curve  of  mean 
daily  temperature  is  an  ascending  one  up  to  July  24,  after  which  it  begins 
to  descend.  This  temperature  effect  would,  however,  be  masked  in  the  plots 
where  phosphorus  is  rapidly  utilized. 

Potash  graphs. — The  content  of  potash  expressed  as  a  percentage  in  the 
dried  foliage  of  all  plants  which  received  mineral  potash  applications  is  very 
much  higher  than  in  those  which  did  not.  The  potash  content  decreases 
regularly  throughout  the  whole  period  with  increasing  age  of  the  leaves  of 
plants  growing  on  plots  which  did  not  receive  mineral  potash.  But  accumu- 
lation has  occurred  in  the  leaves  from  all  plants  growing  on  plots  which 
received  mineral  potash  applications.  This  accumulation  commenced  in 
some  cases  (NPK,  no.  10;  PK,  no.  8)  between  July  29  and  August  9  and  in 
others  (NK,  no.  7 ;  K,  no.  4)  between  August  9  and  August  23. 

James  (12)  concludes  that  in  the  potato  plant  potassium  is  eventually 
heaped  up  considerably  in  excess  of  the  amounts  which  are  necessary  to  main- 
tain the  declining  rate  of  growth.  The  data  presented  above  show  that  gen- 
eralizations with  respect  to  accumulation  of  potassium  are  not  possible. 
This  accumulation  is  the  result  of  a  lack  of  physiological  balance.  It  will  be 
shown  in  a  later  paper  that  this  accumulation  of  potassium  has  not  occurred 
in  the  leaves  of  plants  growing  on  plots  which  received  sufficient  nitrogen 
and  phosphoric  acid  for  the  utilization  of  the  potash. 

It  is  thus  seen  that  periodic  analysis  of  leaves  of  the  same  physiological 
age  from  plants  growing  on  plots  treated  with  different  fertilizers  reflects 
these  additions.  This  also  holds  true  for  plots  on  tier  2  and  their  duplicates 
on  tiers  4  and  5.  The  graphs  show  by  their  position  and  their  form  the 
nature  or  course  of  the  nutrition  with  respect  to  nitrogen,  phosphorus,  and 
potassium  in  the  plants  growing  on  the  different  plots.  The  steepness 
(slope)  of  a  graph  of  a  particular  element  indicates  the  relative  demand  in 
relation  to  the  supply  of  that  element. 

Certain  other  indications  furnished  by  the  data  given  in  table  II  are  best 
brought  out  by  the  second  method  described  on  pages  576  and  577.  In  this 
method  nitrogen,  phosphoric  acid,  and  potash  are  evaluated  as  a  unit-NPK 
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and  the  results  are  plotted  in  trilinear  coordinates.     This  method  is  illus- 
trated in  figures  4,  5,  6,  and  7. 

Indications  given  by  second  method  of  graphic  presentation  in 

WHICH  results  are  EXPRESSED  AS  NPK-UNITS  AND  PLOTTED 

IN  TRILINEAR  COORDINATES 

In  interpreting  these  graphs  (figs.  4,  5,  6,  7)  it  should  be  kept  in  mind 
that  a  fertilizer  may  intervene  to  produce  either  (1)  an  increase  in  the  sum 
(N  +  P2O5  +  K0O),  i.e.,  in  the  intensity  of  nutrition,  or  (2)  a  change  in  the 
composition  of  the  NPK-unit,  or  (3)  a  change  in  both  (1)  and  (2)  simul- 
taneously. 

The  intensities  of  nutrition  are  shown  in  figure  3  with  the  percentage  of 
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Fig.  3.     Relationships  of  the  intensities  of  nutrition  of  plants  growing  on  differently 
treated  plots. 
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N  +  p,0,  +  KoO  in  the  dried  foliage  from  plants  growing  on  the  respective 
plots  as  the  ordinate  and  as  abscissa  the  dates  of  sampling.  The  coordinate 
points  for  the  respective  sampling  dates,  July  7  and  29,  and  August  9  and 
24,  are  shown  by  dots.  The  displacement  in  a  particular  graph  from  one 
sampling  date  to  another  indicates  the  changes  in  the  intensity  of  nutrition 
with  the  age  of  the  leaves  of  the  plants  growing  on  the  plot  considered ;  and 
the  relationship  in  form  and  position  of  the  graphs  to  one  another  indicates 
the  relative  intensities  of  nutrition  (s)  resulting  from  the  different  treat- 
ments. 

In  figures  4,  5,  6,  and  7  are  shown  in  trilinear  coordinates  the  changes  in 
the  composition  of  the  NPK-unit  (i.e.,  in  the  quality  of  nutrition)  of  the 
selected  leaves  from  plants  growing  on  the  differently  treated  plots.  The 
numbers  1,  2,  3,  4  at  the  respective  coordinate  points  indicate  the  successive 
sampling  dates,  July  7  and  29,  and  August  9  and  24,  respectively.  The  dis- 
placement of  a  point  from  one  sampling  date  to  another,  therefore,  indicates 
the  course  of  the  nutrition  with  respect  to  the  NPK-unit,  as  previously 
defined  (p.  578),  and  which  represents  the  equilibrium  between  N,  P0O5,  and 
KgO  at  the  moment  of  sampling. 

Relationship  between  foliar  diagnosis  and  yields  of  tubers. — 
The  mean  NPK-unit. — Table  IV  gives  (1)  the  mean  NPK-units  for  each 
plot,  i.e.,  the  mean  NPK-unit  for  the  four  sampling  dates  of  the  selected 


Fig.  4.     Relative  positions  of  the  mean  NPK-units. 


leaves  from  plants  growing  on  each  plot;  (2)  the  mean  intensities  of  nutri- 
tion, and  (3)  the  actual  and  relative  yields  of  tubers  on  the  basis  of  the  high- 
est yielding  of  the  plots  examined  being  placed  at  100. 

The  mean  NFK-unit  for  each  plot  is  shown  graphically  in  figure  4  by 
means  of  a  single  point  for  each  plot.  Each  point,  therefore,  corresponds 
to  the  center  of  gravity  (C.G.)  of  the  detailed  diagram  shown  in  figures  5, 
,6,  and  7  for  the  corresponding  plot. 

The  plots  are  seen  to  fall  into  two  groups  according  to  their  foliar  diag- 
nosis, i.e.,  to  their  position  on  the  triangle.  The  one  group  consisting  of  the 
N,  P,  and  NP  plots  which  are  found  high  up  toward  the  N  =  100  per  cent, 
apex  of  the  triangle  (i.e.,  the  corner  representing  N  =  100  per  cent.),  and  the 
other  group  the  plots  NK,  NPK,  K,  and  PK  which  are  found  much  lower 
down  in  the  triangle  toward  the  left  corner,  i.e.,  the  corner  representing 
K,0  =  100  per  cent. 

The  latter  group  can  be  further  subdivided  into  two  groups  according 
to  the  extent  of  their  displacement  toward  the  base  of  the  triangle.  The 
points  representing,  respectively,  the  mean  NPK-unit  of  the  plots  K  (no.  4) 
and  PK  (no.  8)  are  lower  than  the  points  representing  the  plots  NK  (no.  7) 
and  NPK  (no.  10).     The  groups  are  designated  as  follows: 


Fig.  5.  Course  of  nutrition  of  plants  growing  on  the  N  (no.  2),  K  (no.  4),  and  NPK 
(no.  10)  plots  as  indicated  by  the  changes  in  their  NPK-units  from  one  sampling  date  .0 
another. 
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Group  3,  NP  (no.  6),  P  (no.  3),  N  (no.  2),  having  low  yields. 
Group  2,  K  (no.  4),  PK  (no.  8),  having  intermediate  yields. 
Group  1,  NK  (no.  7),  NPK  (no.  10),  having  high  yields  (the 

highest  reported  in  this  paper). 

Graphs  in  detail. — The  displacement  of  the  NPK-unit  from  one  sam- 
pling date  to  another  for  all  treatments  cannot  be  shown  in  one  diagram, 
because  of  the  confusion  resulting  from  the  intersection  of  the  graphs  from 
certain  of  the  plots.  The  detailed  graphs  showing  the  course  of  nutrition  are 
best  presented  by  making  use  of  three  diagrams  (figs.  5,  6,  7)  so  arranged 
that  the  graphs  for  the  respective  treatments  are  compared  with  the  com- 
plete fertilizer  plot. 

/O 


Fig.  6.  Course  of  nutrition  of  plants  growing  on  the  N  (no.  2),  NK  (no.  7),  and 
NPK  (no.  10)  plots  as  indicated  by  the  changes  in  their  NPK-units  from  one  sampling 
date  to  another. 

Foliar  diagnosis  of  low-yielding  group  3 — N  {no.  2),  P  {no,  5),  and  NP 
{no.  6). — The  intensity  of  nutrition  is  very  low  (range  of  the  mean  is  7.34 
to  5.65) .  This  low  intensity  is  the  result  of  the  very  low  content  of  K2O  (see 
table  II,  column  3,  for  plots  2,  3,  6). 

Nitrogen  in  the  NPK-unit  is  very  high  (the  range  of  the  mean  NPK-unit 
is  81.1  to  81.7).  Potash  is  very  low  (the  range  of  the  mean  NPK-unit  is 
13.9  to  9.56).  Phosphoric  acid  is  high  in  those  which  received  phosphate 
additions,  viz.,  NP  (no.  6)  and  P  (no.  3). 


^O 


3S 


Fig.  7.  Course  of  nutrition  of  plants  growing  on  the  P  (no.  3),  NP  (no.  6),  PK 
(no.  8),  and  NPK  (no.  10)  plots  as  indicated  by  the  changes  in  their  NPK-units  from  one 
sampling  date  to  another. 

Foliar  diagnosis  of  intermediate-yielding  group  2 — K  {no.  4)  and  PK 
(no.  8).— The  mean  intensity  is  9.48  and  9.56,  respectively,  for  the  plants 
growing  in  the  K  plot  (no.  4)  and  the  PK  plot  (no.  8).  In  this  group  the 
intensity  is  slightly  higher  than  that  of  the  complete  fertilizer  plot  (no.  10). 

Nitrogen  in  the  NPK-unit  is  much  lower  than  in  the  low-yielding  group 
3  and  also  somewhat  lower  than  in  the  higher-yielding  group  1.  The  mean 
NPK-unit  is  63.3  and  65.9  in  PK  (no.  8)  and  K  (no.  4),  respectively.  Pot- 
ash in  the  NPK-unit  is  higher  than  in  both  groups  1  and  3. 

Foliar  diagnosis  of  high-yielding  group  1—NK  {no.  7)  and  NPK  {no. 
10).— The  mean  intensity  is  10.24  in  NK  (no.  7)  and  9.39  in  NPK  (no.  10). 
The  plants  growing  on  plot  NK  (no.  7)  have  the  highest  intensity  reported 
in  this  paper,  but  plants  growing  on  three  other  plots  in  this  tier  (not  re- 
ported in  this  paper)  have  still  higher  intensities.  This  high  intensity  of 
nutrition  in  NK  (no.  7)  relative  to  plants  growing  on  the  other  plots  is  due 
to  the  phenomenon  of  the  reciprocal  effects  of  the  elements  (40).  In  this 
particular  case  the  omission  of  phosphorus  from  the  complete  fertilizer  has 
resulted  in  a  much  greater  uptake  of  the  elements  remaining  (compare  col- 
umns 1,  2,  3  of  table  II  for  NK  (no.  7)  and  NPK  (no.  10). 

Nitrogen  in  the  NPK-unit  is  much  lower  and  potash  much  higher  than 
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in  the  low-yielding  group  3.     Phosphoric  acid  in  the  NPK-unit  has  the  low- 
est value  in  NK  (no.  7)  of  any  plot. 

Course  (nature)  of  nutrition  with  respect  to  NPK-unit  in  group  3 — N 
{no.  2),  P  {no.  3),  and  NP  {no.  ^).— The  course  of  the  nutrition  {mode 
d' alimentation)  in  this  low-yielding  group  is  strongly  contrasted.  This 
group,  however,  has  one  characteristic  in  common,  viz.^  nitrogen  in  the  NPK- 
unit  continuously  increases  at  the  expense  of  the  potash  with  the  increasing 
age  of  the  leaves,  as  shown  by  the  upward  displacement  of  the  graphs  at  each 
successive  sampling  period.  In  N  (no.  2)  and  NP  (no.  6)  this  tendency  is 
quite  marked.  Consequently,  the  application  of  nitrogen  without  potash  has 
had  a  stronor  tendencv  to  reverse  the  direction  of  the  nitrogen  nutrition  which 
the  medium  (soil)  has  tended  to  impose.  This  tendency  is  also  observed  but 
to  a  smaller  extent  with  phosphate  applied  alone  (P  plot,  no.  3),  i.e.,  without 
mineral  nitrogen  applications. 

It  is  also  to  be  noted  that  in  the  leaves  of  plants  growing  on  the  N  plot 
(no.  2)  and  which,  therefore,  has  received  no  phosphate  additions  for  nearly 
20  years  other  than  that  added  in  the  system  of  green  manuring,  the  phos- 
phorus in  the  NPK-unit  increases  with  the  age  of  the  leaf  up  to  the  third 
sampling,  after  which  a  decrease  occurs.  The  proportion  of  phosphorus  in 
the  NPK-unit  of  the  N  (no.  2)  plot  is  not,  however,  as  high  as  that  in  the 
leaves  from  plants  growing  on  the  NP  (no.  6)  or  P  (no.  3)  plots  which  re- 
ceived mineral  phosphates.  The  continual  accumulation  of  phosphorus 
throughout  the  whole  period  in  the  NFK-unit  of  plants  growing  on  Plot  P 
(no.  3)  is  very  marked,  signifying  poor  assimilation  of  this  entity  (element) 
by  the  plants  growing  on  this  plot. 

Course  of  nutrition  with  respect  to  NPK-unit  in  group  2 — K  {no.  4)  and 
PK  {no.  8). — The  graphs  indicate  that  the  course  of  the  nutrition  with  re- 
spect to  the  NPK-unit  of  the  plants  growing  on  these  plots  is  very  different 
throughout  the  whole  period.  The  relative  yields  of  tubers  from  plot  K 
(no.  4)  to  that  of  plot  PK  (no.  8)  on  this  tier  1  is  95.1 :  90.8,  associated  with 
which  is  the  fact  that  nitrogen  in  the  NPK-unit  of  plants  growing  on  plot 
K  (no.  4)  is  higher  than  are  those  of  plot  PK  (no.  8)  throughout  the  whole 
period.  The  omission  of  phosphorus,  therefore,  has  on  this  particular  tier 
resulted  in  increasing  the  nitrogen  in  the  NPK-unit  of  plants  growing  on 
plot  K  (no.  4)  from  one  (PK,  no.  8)  classed  as  too  low  in  nitrogen.  This  is 
another  example  of  the  phenomenon  of  reciprocal  effects  (40). 

Course  of  nutrition  with  respect  to  NPK-unit  in  group  1 — NK  {no.  7) 
and  NPK  {no.  10). — The  omission  of  mineral  phosphates  has  in  this  case  also 
changed  the  character  of  the  nutrition  with  respect  to  the  NPK-unit.  On 
July  7  the  proportion  of  nitrogen  in  the  NPK-unit  in  the  leaves  of  plants 
growing  on  plot  NK  (no.  7)  is  greater  than  in  those  from  the  complete  ferti- 
lizer plot  (no.  10).     But,  whereas  in  the  former  (plot  no.  7)  the  nitrogen  in 
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the  NPK-unit  has  continuously  decreased  with  the  age  of  the  leaf,  in  the  lat- 
ter (plot  no.  10)  the  nitrogen  in  the  NPK-unit  has  rapidly  increased  at  the 
expense  of  the  potash  during  the  first  period  (July  7  to  29)  and  on  July  29 
is  greater  than  that  of  the  NK  plot.  Furthermore,  during  this  first  period 
(July  7  to  29)  the  phosphorus  in  the  NPK-itnif  of  leaves  of  plants  growing 
on  the  NK  (no.  7)  plot  has  increased  much  more  rapidly  than  in  those  from 
the  complete  fertilizer  plot  (no.  10),  although  phosphorus  always  remains 
at  a  higher  level  in  the  NPK-imi#  of  plants  growing  on  plot  no.  10  through- 
out the  whole  period. 

The  slightly  greater  increased  yields  of  tubers  from  NK  (no.  7)  over  those 
of  the  complete  fertilizer  plot  (no.  10)  in  this  tier  may  not  be  fortuitous. 
The  causative  factor  may  be  a  higher  proportion  of  potassium  in  the  NPK- 
unit  of  plants  growing  on  plot  NK  (no.  7)  made  at  the  expense  of  the  nitro- 
gen. In  other  words,  the  physiological  balance  with  respect  to  the  dominant 
nutritive  elements  in  plants  growing  on  plot  NK  (no.  7)  appears  to  be  better 
than  that  on  plot  NPK  (no.  10)  in  this  particular  tier.  Further  corrobora- 
tive evidence  is  the  fact  that  the  NPK-xinit  of  NK  (no.  7)  is  nearer  the  NPK- 
unit  of  plants  growing  on  the  plot  giving  the  highest  yield  on  this  tier,  viz., 
manure  (plot  no.  15). 

Effect  of  omission  of  an  element  from  complete  fertilizer  on  NPK-unit. — 

The  effects  are  summarized  as  follows : 

1.  The  omission  of  nitrogen  from  the  complete  fertilizer  has  increased 
the  potash  and  the  phosphoric  acid  in  the  NPK-unit  of  the  leaf  throughout 
the  whole  period,  resulting  in  decreased  yields. 

2.  The  omission  of  potash  from  the  complete  fertilizer  has  increased  the 
nitrogen  and  the  phosphoric  acid  in  the  NPK-unit  of  the  leaf  throughout  the 
whole  period,  resulting  in  decreased  yields. 

3.  The  omission  of  phosphorus  from  the  complete  fertilizer  has  increased 
the  potash  in  the  NPK-unit  of  the  leaf  at  the  expense  of  the  nitrogen,  result- 
ing in  a  slight  increase  of  yield. 

Effect  of  omission  of  two  elements  from  complete  fertilizer  on  NPK-unit.— 

The  effects  are  summarized  as  follows : 

1.  The  omission  of  both  phosphorus  and  potash  has  increased  the  nitro- 
gen in  the  NPK-unit,  resulting  in  considerable  decrease  in  yield. 

2.  The  omission  of  both  nitrogen  and  potash  has  increased  the  nitrogen 
and  the  phosphorus  in  the  NPK-unit  with  considerable  reduction  in  yields. 

3.  The  omission  of  both  nitrogen  and  phosphorus  has  resulted  in  mcreas- 
ing  the  potash  in  the  NPK-unit,  resulting  in  decreased  yields. 

We  are  attempting  by  means  of  foliar  diagnosis  to  discover  the  mfiuence 
of  the  soil  and  the  weather  on  the  action  of  fertilizers.  It  should  be  clear, 
therefore,  that  no  generalization  is  made  from  these  results  with  respect  to 
response  of  potatoes  on  a  Hagerstown  clay-loam  soil  resulting  from  the  treat- 
ments used.     The  foliar  diagnosis  and  the  correspondmg  yields  are  for  the 
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plots  indicated  on  tier  1,  section  B,  of  tlie  Vegetable  Fertility  Plots  in  the 
year  1935.  In  later  papers  will  be  reported  the  relation  of  foliar  diagnosis 
to  optimum  nutrition  of  the  potato  in  the  year  1935  and  also  the  relationship 
of  foliar  diagnosis  to  other  similarly  treated  (duplicate)  plots  in  tiers  4  and 
5  of  this  same  section  B. 

Summary 

1.  The  foliar  diagnosis  of  a  particular  plant  species  at  any  given  instant 
of  time  consists  of  the  mineral  composition  of  a  leaf  from  a  definite  rank 
(metabolic  age)  on  the  stem.  The  succession  of  chemical  states  with  respect 
to  a  leaf  of  the  same  rank  of  a  particular  species  as  determined  at  different 
dates  characterizes  the  foliar  diagnosis  of  that  particular  plant  species  (and 
variety)  for  the  particular  growth  season  examined.  The  composition  is 
based  on  the  dry  material  of  the  leaf  without  taking  into  consideration  the 
weight  or  number  of  leaves. 

2.  The  physiological  facts  upon  which  the  method  is  established  are 

described. 

3.  Two  methods  of  expressing  the  results  graphically  are  given  and  the 

indications  given  by  each  of  them  presented. 

4.  It  is  shown  that  inherent  in  the  concept  of  foliar  diagnosis  is  the  con- 
cept of  (1)  quantity  or  intensity  of  nutrition,  (2)  quality  of  nutrition  or  the 
ratio  of  the  dominant  elements  to  one  another. 

5.  The  dominant  nutritive  elements  (entities)  nitrogen,  phosphoric  acid, 
and  potash  are  expressed  as  a  unit  of  NPK.  This  is  designated  the  NPK- 
unit.     The  method  of  deriving  the  unit  is  described. 

6.  Potato  plants  of  the  variety  Hural  Russet  growing  in  1935  on  experi- 
mental plots  treated  with  the  different  combinations  of  commercial  fertilizers 
were  examined  by  the  method.  The  plots  reported  in  this  paper  consist  of 
seven  on  tier  1,  section  B,  of  the  long-continued  Vegetable  Fertility  plots  of 
the  Pennsylvania  Agricultural  Experiment  Station.  The  treatment  con- 
sists of  the  following  combinations  of  fertilizers:  N,  P,  K,  NP,  NK,  PK, 
NPK. 

7.  The  succession  of  coordinate  points  of  the  NPK-unit  for  the  fourth 
and  fifth  leaves  from  the  base  taken  on  July  7  and  29,  and  August  9  and  24, 
1935,  from  plants  growing  on  the  differently  treated  plots  are  shown  in  tri- 
linear  coordinates.  These  graphs  indicate  (1)  the  course  (nature)  of  the 
nutrition  with  respect  to  the  NPK-unit,  and  (2)  the  relationship  between  the 
foliar  diagnosis  and  the  yields  of  tubers. 

The  Pennsylvania  State  College 
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The  natural  pigmentation  of  milk  produced  by  various  breeds  of  dairy 
cattle  under  comparable  conditions  is  known  to  vary  with  different  breeds. 
The  Guernsey  and  the  Jersey  breeds  produce  a  more  highly  pigmented  milk 
than  do  the  cows  of  the  Holstein,  Ayrshire,  and  Brown  Swiss  breeds.     This 
yellow  color  is  restricted  almost  entirely  to  the  milk  fat  and  is  due  primarily 
to  carotene.     Since  carotene  is  now  recognized  as  a  precursor  of  vitamin  A, 
it  would  seem  logical  to  postulate  that  butter  made  from  Guernsey  or  Jersey 
milk  should  possess  greater  vitamin  A  potency  than  butter  made  from  the 
milk  of  the  Holstein,  the  Ayrshire,  or  the  Brown  Swiss  breeds.     Further- 
more, Jersey  and  Guernsey  milks,  in  addition  to  having  a  higher  color  value, 
also  have  a  higher  average  fat  content.     In  view  of  these  facts,  it  would 
appear  that  there  should  be  a  difference  in  the  vitamin  A  potency  of  these 
milks,  especially  if  carotene  alone  is  responsible  for  this  biological  activity. 
Milk  fat,  however,  does  not  owe  all  of  its  vitamin  A  activity  to  carotene. 
Morton  and  Heilbron  (1)  have  demonstrated  by  spectographic  analysis  that 
milk  fat  contains  both  carotene  and  vitamin  A.     Moore  (2)  has  likewise 
demonstrated  that  milk  fat  contains  both  carotene  and  vitamin  A  and  that 
cows  convert  carotene  into  vitamin  A. 

Davis  and  Hathaway  (3)  studied  the  vitamin  A  potency  of  milk  from 
Holstein,  Jersey,  Ayrshire,  and  Guernsey  cows,  and  concluded  that  there 
was  no  significant  difference  in  the  vitamin  A  content  of  these  milks. 
Hathaway  and  Davis    (4)   reported  that  Holstein  cream  contained  more 
vitamin  A  than  Jersey  cream.     Wilbur,  Hilton  and  Hauge   (5)   made  a 
comparison  of  the  vitamin  A  activity  of  butters  from  one  group  of  Ayrshire 
and  two  groups  of  Guernsey  cows  fed  under  identical  conditions.     As  the 
result  of  these  studies  they  concluded  that  the  vitamin  A  activity  of  the 
samples  of  butter  were  similar,  regardless  of  the  breed  of  cows  or  the  coh)r 
of  butter.     Sutton  and  Krauss  (6)  of  the  Ohio  Station  concluded  that  Hoi- 
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stein  milk  fat  had  a  greater  vitamin  A  potency  per  unit  weight  than  did 
Guernsey  milk  fat,  in  spite  of  the  fact  that  the  Guernsey  milk  fat  was  richer 
in  carotene.  Booth,  Kon  and  Gillam  (7)  compared  the  vitamin  A  activity 
of  Shorthorn  and  Guernsey  butters  produced  from  cows  kept  under  com- 
parable conditions  of  feeding  and  management.  These  butters  were  found 
to  be  identical  in  vitamin  A  activity.  Baumann  et  at.  (8)  made  a  study  of 
the  influence  of  breed  and  diet  of  cows  on  carotene  and  vitamin  A  content  of 
the  butter  produced.  These  investigators  used  spectroscopic  methods  for 
determining  carotene  and  vitamin  A,  and  reported  definite  breed  differences 
when  the  cows  received  high  and  low  carotene  diets.  However,  when  total 
biological  activity  of  the  several  butters  were  calculated,  they  found  this 
breed  difference  to  be  small. 

It  is  clearly  evident  that  the  data  presented  in  the  foregoing  literature 
are  not  in  complete  agreement  with  regard  to  several  pertinent  points.  It 
is  therefore  obvious  that  additional  information  on  a  number  of  these  points 
would  be  of  material  value. 

The  present  investigation  was  undertaken  in  order  to  obtain  further 
data  concerning  the  effect  of  breed  characteristics  and  the  plane  of  nutrition 
of  the  cow  on  the  vitamin  A  potency  of  milk. 


EXPERIMENTAL  PROCEDURE 

The  present  investigation  may  be  regarded  as  consisting  of  four  distinct 
phases,  viz. 

I.  The  vitamin  A  potency  of  milks  from  cows  representing  breeds  that 
normally  produce  highly  pigmented  and  poorly  pigmented  milks  when  fed 
a  good  ration  similar  to  those  commonly  employed  in  commercial  feeding 
practice. 

II.  The  vitamin  A  potency  of  milks  from  cows  as  in  I,  but  fed  a  pigment 
poor  ration. 

III.  The  vitamin  A  potency  of  milks  from  cows  as  in  II  when  large 
daily  doses  of  commercial  carotene  were  included  in  the  ration. 

IV.  The  vitamin  A  potency  of  milks  produced  by  five  standard  dairy 
breeds  under  identical  feeding  conditions. 

The  cows  selected  for  each  phase  of  this  study  were  true  representatives 
of  the  respective  breeds  and  the  stages  of  lactation  and  gestation  were  as 
nearly  identical  as  possible.  The  cows  were  milked  the  same  number  of 
times  daily,  were  treated  as  nearly  alike  as  possible  and  were  maintained  in 
individual  stalls  so  constructed  that  access  to  food  substances  other  than 
those  intended  for  the  particuar  animals  was  not  possible.  Each  animal 
received,  daily,  an  accurately  weighed  quantity  of  ration  in  the  form  of  a 
grain  mixture  and  roughage.  An  aliquot  portion  of  the  milk  produced  at 
each  of  the  three  milkings  during  the  twenty-four  hour  period  was  fed  the 
same  day  to  test  rats,  in  the  usual  manner,  in  order  to  determine  its  vitamin 
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A  potency.     This  procedure  was  followed  in  studying  each  phase,  with 
minor  modifications  which  will  be  mentioned  later. 


PRESENTATION  OF  DATA 

/.    The  vitamin  A  potency  of  milks  from  cows  representing  breeds  that 
normally  produce  highly  pigmented  and  poorly  pigmented  milks 
when  fed  a  good  ration  similar  to  those  commonly  employed  in  com- 
mercial feeding  practice 
In  the  first  phase  of  the  investigation  an  attempt  was  made  to  determine 
the  vitamin  A  content  of  milks  from  Guernsey  and  Holstein  cows  which 
were  fed  a  good  dairy  ration  that  is  commonly  fed  in  commercial  feeding 
practice.     For  this  phase  of  the  study  two  groups  of  cows  (two  Holsfein  and 
two  Guernseys  in  each  group)  were  selected  from  the  experiment  station 
herd  as  experimental  subjects. 

The  four  cows  in  Group  I  were  placed  on  a  diet  composed  of  a  good 
quality  dehydrated  clover  hay  and  a  grain  mixture  (300  parts  corn  and 
cob  meal,  200  parts  of  oat  feed,  250  parts  barley  feed,  50  parts  distillers' 
grain,  125  parts  cottonseed  meal,  and  50  parts  gluten  feed)  which  was  tha 
usual  ration  fed  to  the  test  cows  in  the  station  herd.  The  cows  received 
this  diet  for  one  month  previous  to  the  test  period.  The  purpose  of  this 
preliminary  feeding  period  was  to  give  the  cows  sufficient  time  to  start 
producing  milk  uniform  in  vitamin  A. 

Although  the  rat  data  were  fairly  conclusive  as  to  the  vitamin  A  potency 
of  the  milk  produced  by  the  four  cows,  it  was  deemed  advisable  to  repeat 
the  experiment  in  order  to  have  more  conclusive  data.  For  this  purpose 
other  Holsteins  and  Guernseys  were  used.  These  cows  received  the  same 
basal  diet  and  roughage  and  were  handled  in  the  same  manner  as  the  cows 
in  the  previous  experiment. 

Tables  I  and  II  present  the  vitamin  A  potencies  of  milks  produced  by 
representative  Guernsey  and  Holstein  cows  while  receiving  a  normal  dairy 

ration. 

Table  II  shows  the  average  vitamin  A  potencies  of  milks  produced  by  a 
second  series  of  Guernsey  and  Holstein  cows  receiving  a  normal  dairy  ration. 

From  the  data  presented  in  Tables  I  and  II,  it  is  quite  evident  that  equal 
volumes  of  milk  from  cows  of  different  breeds  receiving  a  normal  dairy 
ration  are  not  equally  potent  in  vitamin  A  as  reported  by  Davis  and  Hath- 
away (3).  There  appears  also  to  be  a  wide  difference  in  the  vitamin  A 
potency  of  milks  produced  by  different  cows  of  the  same  breed.  The  milks 
from  Holstein  cows  Nos.  1709  and  1711  were  very  low  in  vitamin  A  as  com- 
pared with  the  milk  from  Guernsey  cow  No.  1673  and  Holstein  cow  No.  1489. 
The  rats  receiving  0.6  cc.  of  milk  from  cows  Nos.  1709  and  1711  were  unable 
to  maintain  their  body  weights,  while  the  rats  receiving  a  like  amount  of 
milks  from  cows  Nos.  1673  and  1489  made  an  average  gain  of  31  and  ^4 
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grams  respectively  during  the  experimental  period.  Holstein  cow  No.  1453 
and  Guernsey  cows  Nos.  1546  and  1548  produced  milks  containing  about 
the  same  amounts  of  vitamin  A.  The  vitamin  A  potency  per  unit  volume 
of  these  milks  was  midway  between  the  two  extremes  mentioned  above. 
Wilber,  Hilton  and  Hauge  (5)  stated  that  under  similar  feeding  conditions 
the  higher  the  percentage  of  fat  in  the  milk,  the  greater  was  its  vitamin  A 
potency.  The  data  presented  herein  are  not  in  complete  agreement  with 
the  above  findings,  as  some  cows  produced  milk  of  the  same  fat  content  and 
were  found  to  differ  considerably  in  vitamin  A  potency.  In  our  study  the 
vitamin  A  potency  of  the  milk  of  individual  cows  was  determined,  whereas 
the  vitamin  A  potency  of  the  pooled  milk  from  groups  of  cows  was  deter- 
mined by  the  above  mentioned  investigators.  If,  however,  the  average 
vitamin  A  potency  of  the  milk  of  the  four  cows  from  each  breed  is  con- 
sidered, the  results  are  in  close  agreement  with  those  of  Wilbur  and 
associates. 

II.  The  vitamin  A  potency  of  milks  from  cows  representing  "breeds  that 
normally  produce  pigment  rich  and  pigment  poor  milks,  the  ration 
fed  to  all  cows  being  of  pigment  poor  quality 
The  cows  used  in  the  latter  part  of  the  former  experiment  were  also  used 
for  this  phase  of  this  investigation.  After  receiving  a  normal  dairy  ration 
for  two  months,  these  cows  were  fed  a  pigment  poor  ration.  This  ration 
consisted  of  a  grain  mixture,  timothy  hay  of  very  poor  quality  and  dried 
beet  pulp.  The  grain  mixture  (300  parts  bran,  200  parts  oats,  200  parts 
barley,  100  parts  linseed  meal,  100  parts  cottonseed  meal,  and  9  parts  salt) 
was  fed  in  amounts  proportionate  to  the  milk  production.  Twelve  pounds 
of  timothy  hay  of  poor  grade  were  fed  to  each  cow  daily.  The  Holstein  cows 
received  eight  pounds  of  dry  beet  pulp  daily,  while  the  Guernseys  received 
but  six  pounds  daily.  The  cows  received  this  diet  from  November,  1933, 
until  June,  1934.  After  seven  months,  the  cows  were  in  poor  physical  con- 
dition, had  lost  weight,  had  declined  in  milk  production,  and  had  manifested 
marked  symptoms  of  diarrhea.  Five  attempts  were  made  during  this  seven- 
month  period  to  determine  the  vitamin  A  potency  of  the  milks  from  each  of 
the  four  cows.  The  estimated  amount  of  milk  necessary  to  induce  unit  gain 
in  weight  was  calculated  at  the  beginning  of  each  succeeding  determination 
with  the  aid  of  the  data  previously  established.  These  estimations  were 
difficult  to  make,  for  at  the  time  the  experiment  was  being  carried  out  no 
data  were  available  to  indicate  the  rapidity  of  depletion  or  the  amount  of 
time  required  to  deplete  the  cows  of  their  body  stores  of  vitamin  A.  As  a 
result,  a  number  of  these  estimations  proved  to  be  low,  and  the  rats  receiving 
such  quantities  of  milk  were  unable  to  maintain  their  body  weights.  In 
the  last  weeks  of  the  experiment  sufficient  data  had  been  collected,  however, 
to  make  it  possible  to  estimate  more  accurately  the  volume  of  milk  necessary 
to  induce  unit  gain.     Table  III  presents  a  summary  of  the  biological  data 


obtained  while  testing  the  milk  from  these  cows  which  received  a  pigment- 
poor  ration.  During  this  phase  of  the  work,  many  of  the  levels  chosen 
proved  to  be  too  low,  with  the  result  that  many  of  the  rats  on  such  levels  died 
before  the  end  of  the  curative  period.  The  data  from  those  rats  which  made 
significant  responses  are  included  in  this  table.  The  table  contains  a  sum- 
mary of  the  growth  responses  of  only  130  rats,  although  250  rats  were  used 
in  this  phase  of  the  study. 

The  data  in  Table  III  show  that  Guernsey  cow  No.  1546  produced  milk 
containing  the  highest  vitamin  A  potency  per  unit  volume.  Holstein  cow 
No.  1711,  on  the  other  hand,  produced  milk  with  the  lowest  vitamin  A 
potency.  It  is  also  evident  that  the  milk  from  the  two  Guernsey  cows  was 
richer  in  vitamin  A  than  the  milk  of  the  two  Holstein  cows.  The  milk  from 
Guernsey  cow  No.  1546  contained  approximately  1550  units  per  quart  at  the 
beginning  of  the  depletion  period  and  513  units  at  the  end  of  the  depletion 
period.  This  reduction  in  vitamin  A  represents  approximately  66  per  cent 
of  the  total.  Likewise,  milk  from  Guernsey  cow  No.  1548  contained  1550 
units  of  vitamin  A  at  the  beginning  of  the  depletion  period  and  less  than  405 
units  at  the  end  of  the  seven  months'  period.  This  represents  a  decrease 
of  approximately  73  per  cent  of  the  total  vitamin  A  potency. 

It  is  impossible  from  the  data  obtained  to  calculate  the  vitamin  A 
potency  of  the  milks  from  Holstein  cows  Nos.  1709  and  1711  at  the  begin- 
ning of  the  depletion  period.  However,  it  may  be  assumed  that  it  contained 
approximately  900  units  per  quart  in  the  beginning.  The  data  obtained 
show  that  they  contained  an  average  of  255  units  per  quart  at  the  end  of 
the  depletion  period.  If  the  above  assumption  is  correct,  the  milks  from  the 
two  Holstein  cows  lost  70  per  cent  of  their  original  vitamin  A  potency  dur- 
ing the  seven  months'  period  on  a  pigment-poor  diet.  This  reduction  in 
vitamin  A  potency,  is  approximately  the  same  as  that  found  with  the 
Guernsey  milks.  The  data  indicate  that  the  rate  of  decrease  in  total  vitamin 
A  potency  of  milks  produced  under  these  adverse  feeding  conditions  was 
about  the  same  for  the  two  breeds  studied. 

The  foregoing  results  agree  with  those  reported  by  Fraps,  Copeland  and 
Treichler  (10).  These  investigators  reported  that  the  milks  which  they 
tested  contained  from  33  to  38  Sherman  units  of  vitamin  A  per  gram  of  fat 
in  the  beginning  and  from  5  to  12  units  after  the  cows  had  been  on  a  pig- 
ment-poor diet  for  five  months.  Gillam  and  coworkers  (9)  in  England 
found  that  in  the  case  of  cows  receiving  a  normal  winter  ration  of  hay  and 
concentrates,  the  vitamin  A  potency  of  butter  fell  from  approximately  16 
International  units  of  vitamin  A  per  gram  in  the  beginning  to  approximately 
5  units  at  the  end  of  six  months.  This  represents  a  reduction  of  approxi- 
mately 68  per  cent,  a  result  which  compares  favorably  with  that  obtained 

in  these  studies.  t       i  it 

These  results  are  in  agreement  with  those  reported  in  Tables  I  and  ii 
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of  the  present  study,  namely,  that  Guernsey  milk  contains  more  vitamin  A 
per  unit  volume  than  Holstein  milk.  .  '         \        .■ 

III.    The  vitamin  A  potency  of  milks  from  cows  representing  Ireeds  that 
normally  produce  pigment-rich  and  pigment-poor  milks,  the  ration 
fed  to  all  cows  being  pigment-poor  hut  highly  fortified  with  a  com- 
mercial carotene  preparation 
The  cows  used  in  the  previous  experiment  that  had  been  depleted  of 
their  body  stores  of  vitamin  A  were  also  used  for  this  study.     It  was 
planned  to  feed  daily  150,000  A.D.M.A.  units  of  vitamin  A  in  the  form  of 
carotene  to  each  of  the  depleted  cows  for  a  period  of  twelve  days.     A 
twelve-day  feeding  period  was  subdivided  into  three  equal  periods  and  a 
biological  study  for  increased  vitamin  A  potency  was  made  on  aliquot 
portions  of  the  milk  produced  during  each  of  these  periods.     All  the  milk 
from  each  of  the  four  cows  was  collected  and  kept  in  ice  water  for  four 
days,  after  which  it  was  pooled.     Approximately  80  cc.  portions  of  the 
composited  milks  were  placed  in  individual  cardboard  containers  and  these 
in  turn  were  placed  in  a  cold  room  at  - 15°  F.  where  they  were  frozen  and 
stored  until  used.     The  milks  from  the  last  four  days  of  the  depletion  period 
were  also  collected  and  stored  in  the  same  manner.     As  the  milks  were 
needed  for  the  biological  assays  they  were  removed  from  cold  storage  and 
allowed  to  thaw  at  room  temperature,  previous  to  feeding. 

The  four  depleted  cows  were  fed  daily  carotene  equivalent  to  150,000 
units  of  vitamin  A  for  a  twelve-day  period.  This  carotene  was  supplied  to 
each  animal  by  feeding  51  cc.  of  a  commercial  carotene  preparation  which 
contained  3,000  A.D.M.A.  units  of  vitamin  A  per  gram.*  This  amount  of 
carotene  was  considered  sufficient  to  cause  the  cows  to  regain  their  body 
stores  of  carotene  and  to  secrete  milk  of  at  least  normal  vitamin  A  potency 
by  the  end  of  the  twelve-day  period.  The  twelve  days  were  divided  into 
three  periods  to  vStudy  (by  the  biological  response  method)  any  increase  in 
vitamin  A  potency  of  the  pooled  milks  during  these  successive  collection 
periods.  The  method  of  sampling  and  preserving  of  the  milks  is  described 
above.  Since  it  was  necessary  to  know  the  vitamin  A  potency  of  the  milks 
before  the  carotene  feeding  began,  the  milk  from  the  last  four  days  of  the 
depletion  period  was  collected  and  pooled. 

Table  IV  presents  a  summary  of  the  biological  assay  data  collected.  It 
is  evident  from  these  data  that  150,000  A.D.M.A.  units  of  vitamin  A  in  the 
form  of  carotene  per  cow  per  day  for  a  twelve-day  period  did  not  bring 
about  the  expected  increase  in  vitamin  A  potency.  It  is  probable  that  a 
twelve-day  period  is  insufficient  time  for  the  cows  to  secrete  milk  of  normal 
vitamin  A  potency  under  such  feeding  conditions.  Three  of  the  four  cows 
used  in  this  study  seemed  to  give  the  same  response  to  intensive  carotene 

*  The  commercial  carotene  was  supplied  gratis  by  the  S.M.A.  Corporation,  Cleveland, 
Ohio. 


TABLE  IV 

Summarizing  the  results  of  a  progressive  series  of  vitamin  A  assays  made  on  milks  pro- 
duced by  representative  Guernsey  and  Holstein  cows  after  being  changed 
from  a  pigment  poor  ration  to  a  pigment  rich  ration 


AVERAGE 

AVERAGE 

APPROXI- 

WEIGHT 

MATE 

NUM- 

OP RATS 

WEIGHT 

GAIN 

VITAMIN 

CAROTENE  FEEDING 

cow 

BER 

DOSE 

AT  END 

IN 

A  UNITS 

PERIOD 

NO. 

OP 
RATS 

CC. 

OP  DE- 
PLETION 
PERIOD 

OP  EX- 
PERIMENT 

WEIGHT 
GMS. 

PER 
QUART 
(  SHER- 

GMS. 

(jrM  S. 

MAN) 

Last   4   days   of   de-  ! 

•* 

pletion  period  

1546 

7 

1.8 

104.4 

125.0 

20.6 

First    4    days    caro- 

1 

tene   feeding   

1546 

9 

1.8 

81.3 

101.2 

19.9 

> 

450 

Second  4  days  caro- 

1 

tene   feeding   

1546 

7 

1.8 

82.0 

1 

107.2 

25.2 

Third    4    days    caro- 

1 

tene   feeding   , 

1546 

6 

1.8 

98.6 

127.5 

28.9 

Last   4   days   of   de- 

I 

-< 

pletion  period  

1548 

9 

2.3 

102.6 

108.7 

6.1 

First    4    days    caro- 

- 

tene   feeding   

1548 

10 

2.3 

78.1 

97.3 

19.1 
> 

400 

Second  4  days  caro- 

tene  feeding   

1548 

7 

2.3 

90.6 

109.7 

18.8 

Third    4    days    caro- 

tene feeding   

1548 

5 

2.3 

85.8 

103.4 

17.6 

Last   4   days   of    de- 

"* 

pletion  period  

1709 

9 

3.5 

107.6 

124.3 

16.7 

First    4    days    caro- 

tene  feeding   

1709 

5 

3.5 

82.6 

88.4 

5.8 
> 

260 

Second  4  days  caro- 

tene  feeding   

1709 

4 

3.5 

89.7 

90.2 

0.5 

Third    4    days    caro- 

1 

• 

tene   feeding   

1709 

4 

3.5 

89.0 

• 

103.7 

14.7 

•< 

Last   4   days   of   de- 

i 

^ 

pletion  period  

1711 

6 

3.8 

i      109.0 

1 

124.6 

15.6 

First    4    days    caro- 

tene  feeding   

1711 

6 

3.8 

92.8 

111.0 

18.1 

240 

Second  4  days  caro- 

tene   feeding 

1711 

4 

3.8 

81.0 

96.5 

15.5 

Third    4    days    caro- 

17.2 

1                          <• 

- 

tene   feeding 

1711 

7 

3.8 

88.5 

105.7 

. 

feeding  since  there  was  a  very  slight  increase  in  the  vitamin  A  potency  of 
their  milks.  The  milk  from  Holstein  cow  No.  1709  during  periods  II  and 
III  actually  showed  a  decrease  in  vitamin  A  content. 

A  wide  difference  in  vitamin  A  potency  is  noted  between  the  four  milks 
studied.     The  milk  from  cow  No.  1546  contained  the  greatest  amount  ot 
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vitamin  A,  approximately  453  units  per  quart,  while  the  milks  from  cows 
Nos.  1548,  1709,  and  1711  contained  approximately  401,  261,  and  242 
vitamin  A  units  per  quart,  respectively. 

The  data  obtained  in  the  above  studies  agree  with  the  findings  of  Fraps 
and  coworkers  (10),  who  reported  that  the  feeding  of  116,000  rat  units 
(?)  of  vitamin  A  per  day  is  not  sufficient  to  maintain  the  vitamin  A  potency 
of  butterfat.  Baumann  and  Steenbock  (8)  reported  that  the  feeding  of  50 
to  60  pounds  of  freshly  cut  green  alfalfa  daily  caused  the  carotene  and  the 
vitamin  A  content  of  the  butterfat  to  increase  rapidly.  This  alfalfa  con-, 
tained  approximately  1,000,000  ( ?)  units  of  vitamin  A  and  caused  the  milk 
to  contain  maximum  values  for  both  carotene  and  vitamin  A  within  a  two 
weeks'  period.  A  paper  by  Loy,  Hilton,  Wilbur  and  Hauge  (11)  appeared 
just  subsequent  to  the  preparation  of  this  manuscript.  These  authors  draw 
the  conclusion  that  it  takes  from  10  to  11  days  for  the  milk  fat  of  the  cow  to 
reach  its  vitamin  A  equilibrium  when  the  animal  is  shifted  from  a  vitamin 
A  rich  diet  to  a  vitamin  A  poor  diet,  and  vice  versa.  With  these  conclusions 
in  mind,  the  data  of  the  present  study  would  seem  to  indicate  that  150,000 
A.D.M.A.  units  per  day  were  only  sufficient  to  maintain  constant  the  vitamin 
A  potency  of  milks  of  cows  receiving  a  pigment  poor  diet.  If  these  cows 
had  been  fed  this  amount  of  carotene  for  a  longer  period  of  time,  milk  with 
a  higher  vitamin  A  potency  might  have  been  produced. 

IV.  The  vitamin  A  potency  of  milks  produced  by  five  standard  dairy  breeds 
under  identical  feeding  conditions 

In  the  previous  studies,  wide  variations  in  vitamin  A  potency  of  milks 
were  noted  among  individual  cows  of  the  same  breed.  To  partially  compen- 
sate for  such  individual  variations  within  the  breed,  ten  cow^s  from  each 
breed  were  chosen  as  experimental  subjects  in  this  phase  of  the  investigation. 
These  cows  w^ere  selected  and  handled  in  a  manner  similar  to  those  previ- 
ously described. 

Table  V  portrays  a  record  of  the  average  food  consumption  and  milk 
production  for  the  five  breeds  of  cows  used  in  these  studies. 


TABLE  V 

The  average  food  consumption  and  milk  production  for  the  five  breeds  of  cows  used 

in  this  study 


BREED 

GRAIN 

CONSUMED 

DAILY 

SILAGB 

CONSUMED 
DAILY 

HAY 

CONSUMED 

DAILY 

MILK 

PRODUCED 

DAILY 

FAT 

PRODUCED 

DAILY 

PER  CENT 
FAT 

Holstein  

Jerseys  

Guernseys    

Ayrshires  

Brown  Swiss  ... 

lbs. 

11.9 
7.1 
7.9 

10.9 

10.3 

lbs. 

29.5 

20.8 
22.3 
27.5 
28.6 

lbs. 

8.3 

8.3 
8.3 
8.3 
8.3 

lbs. 
39.2 
18.6 
22.0 
32.4 
30.0 

lbs. 

1.403 

1.146 
1.178 
1.264 
1.154 

3.57 
6.15 

5.35 
3.90 
3.84 
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Pooled  samples  of  milk  from  each  of  the  breeds  were  taken  daily  for  the 
purpose  of  biological  assay.  These  pooled  samples  consisted  of  equal 
volumes  of  milk  from  each  cow  of  the  group  during  each  of  the  milking 
periods.  Measured  aliquots  of  the  pooled  samples  of  milk  from  each  of  the 
breeds  were  fed  to  the  experimental  animals  on  the  same  day  they  were 
taken. 

The  results  of  the  experiment  relating  to  the  vitamin  A  potency  of  milks 
produced  by  representative  cows  from  five  major  dairy  breeds  (Table  VI) 
indicate  that  there  is  an  appreciable  difference  in  vitamin  A  activity  of  the 
milk  produced  by  Holstein,  Brown  Swiss,  Ayrshire,  Guernsey,  and  Jersey 
cows  when  maintained  under  identical  nutritive  conditions.  These  results 
are  not  in  agreement  wuth  those  of  Davis  and  Hathaway  (3)  who  concluded 
that  there  was  no  difference  in  vitamin  A  content  of  milk  produced  by 
different  breeds  under  identical  nutritive  conditions. 

Data  obtained  in  this  experiment  indicate  that  there  was  no  appreciable 
difference  in  the  vitamin  A  activity  of  milk  fat  produced  by  the  different 
breeds.  These  results  are  in  agreement  with  those  reported  by  Wilbur, 
Hilton,  and  Hauge  (5)  w^ho  concluded  that  there  was  no  difference  in 
vitamin  A  content  of  milk  fat  produced  by  Guernsey  and  Ayrshire  cows. 


CONCLUSIONS 

(1)  A  study  of  the  vitamin  A  potency  of  milk  from  Guernsey  and  Hol- 
stein cows  receiving  a  normal  dairy  ration  showed  that  individual  variations 
occur  within  the  breed,  as  w^ell  as  between  the  breeds.  In  general,  milks 
produced  by  Guernsey  cows  were  higher  in  vitamin  A  than  milks  produced 
by  Holstein  cows. 

(2)  The  vitamin  A  content  of  milks  from  Guernsey  and  Holstein  cows 
which  received  a  pigment-poor  ration  decreased  approximately  70  per  cent 
in  seven  months.  The  two  breeds  of  cows  responded  quite  uniformly  in 
this  regard  under  these  adverse  feeding  conditions. 

(3)  When  the  cows,  depleted  of  their  vitamin  A  reserves,  were  sub-  ' 
jected  to  high  carotene  feeding  for  a  period  of  twelve  days,  the  administra- 
tion of  150,000  A.D.M.A.  units  per  day  was  found  to  be  insufficient  to  cause 
an  increase  in  the  vitamin  A  potency  of  the  milks  produced  by  the  cows  of 

either  breed. 

(4)  Milks  from  groups  of  cows  representing  five  major  dairy  breeds 
which  were  fed  the  same  ration  varied  in  vitamin  A  activity  per  unit  volume. 
The  vitamin  A  potency  per  gram  of  milk  fat,  however,  was  approximately 

the  same  for  all  breeds. 

(5)  It  is  concluded  that  the  vitamin  A  potency  of  milks  from  the 
various  dairy  breeds  is  proportional  to  the  percentage  of  milk  fat  character- 
istic of  the  breed. 
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The  Avitaminoses.  The  Chemical,  Clinical  and  Pathologi- 
cal Aspects  of  the  Vitamin  Deficiency  Diseases.  Hy 
Walter  H.  Eddy,  Ph.D.,  Professor  of  Physiological 
Chemistry,  Teachers  College,  Columbia  University,  and 
Gilbert  Dalldorf,  M.D.,  Pathologist  to  the  Grass- 
lands and  Northern  Westchester  Hospitals,  Westchester 
County,  New  York.  The  Williams  and  Wilkins  Com- 
pany, Mt.  Royal  and  Guilford  Aves.,  Baltimore,  Mary- 
land, 1937.  338  pp.  Illustrated.  15.5  X  23.5  cm. 
Price,  $4.50. 

This  volume,  which  contains  a  foreword  by  Dr.  James 
Kwing,  is  an  outgrowth  of  the  "Vitamine  Manual"  pub- 
lished by  the  senior  author  in  1921.  In  the  preface  the 
authors  state  that  it  has  been  their  desire  to  prepare 
"a  helpful  manual  rather  than  a  complete  treatise," 
covering  the  more  important  developments  concerning  the 
nature  and  functions  of  the  vitamins.  The  collaboration 
of  Eddy  and  Dalldorf  brings  to  the  reader  the  viewpoints 
of  a  biochemist  with  a  rich  experience  in  the  vitamin  re- 
search field  and  the  viewpoints  of  a  physician  experienced 
in  laboratory  and  clinical  research. 

As  the  title  indicates,  the  book  stresses  the  pathology 
of  vitamin  deficiency,  since  it  is  by  means  of  pathological 
studies  and  the  production  and  cure  of  deficiency  diseases 
that  it  is  possible  to  obtain  a  clear  idea  of  vitamin  function. 

Chapter  I,  consisting  of  eleven  pages,  is  devoted  to  an 
introduction  to  the  subject;  while  chapters  II  to  \T. 
inclusive,  consist  of  46  pages  devoted  to  vitamin  A  (and 
its  parent  substance  carotene).  In  this  small  space  the 
authors  have  condensed  an  unusually  large  amount  of 
information  regarding  the  chemistry  and  functions  of 
vitamin  A  and  vitamin  A  unitage  as  well  as  dmical, 
anatomical  and  subclinical  manifestations  of  vitamm  A 

deficiency. 

Chapters  VII  to  XV,  inclusive,  contain  92  pages  devoted 
to  the  nature  and  functions  of  the  recognized  constituents 
of  the  vitamin  B  complex.  The  chemistry  of  B  (B.)  and 
flavin  are  discussed  briefly,  while  considerable  space  is  de- 
voted to  the  pathological  and  clinical  aspects  of  beril)eri 
and  pellagra.  A  brief  outline  of  the  somewhat  controver- 
sial evidence  for  the  other  B  factors  is  also  included,  as  well 
as  a  description  of  attempts  at  establishing  units  of  meas- 
urement of  vitamin  potency. 


i 
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Chapters  XVI  to  XIX,  inclusive,  consist  of  44  pages 
devoted  to  vitamin  C  with  discussions  pertaining  to  chemi- 
cal properties  and  the  configuration  of  ascorbic  acid  and 
anatomical,  clinical  and  sub-clinical  manifestations  of 
scurvy. 

Three  chapters  (XX,  XXI  and  XXII),  consisting  of  U 
pages,  are  devoted  to  vitamin  D  and  rickets,  while  two 
chapters  (XXIII  and  XXIV)  consist  of  14  pages  devoted 
to  vitamin  E  and  vitamin  E  deficiency.  The  remaining 
chapters,  XXV,  XXVI  and  XXVII,  contain  brief  dis- 
cussions of  such  topics  as  the  relation  of  "vitamins  to 
resistance  and  infection,"  "morbid  effects  of  certain  com- 
plicated dietary  experiments"  and  "vitamins  and  blood 
regeneration." 

An  appendix,  designated  as  Part  II,  contains  30  pages 
covering  such  topics  as  "standard  methods  for  vitamin 
bio-assay"  and  "clinical  tests  for  evidence  of  vitamin  de- 
ficiency in  humans."  A  table  of  vitamin  values  for  food  is 
also  included.  The  book  contains  author  and  subject 
indices. 

The  reviewer  feels  that  the  book  would  have  been 
strengthened  by  more  detailed  discussions  of  certain  topics. 
In  an  attempt  at  brevity,  the  authors  have  been  forced  to 
omit  many  important  details  of  value.  The  book  is  illus- 
trated with  an  unusually  fine  collection  of  photographs  por- 
traying pathological  and  clinical  aspects  of  vitamin  defi- 
ciency diseases.  Each  chapter,  except  those  in  Part  II,  is 
followed  by  bibliographical  references  to  original  literature, 
to  which  the  reader  may  refer  if  further  details  are  desired. 

There  are  a  number  of  typographical  errors  which  will 
undoubtedly  be  corrected  in  future  reprint ings.  These 
are  confined  largely  to  chemical  formulas  such  as  the  for- 
mula for  vitamin  Bi  on  page  69,  for  dehydroascorbic  acid 
on  page  107  and  for  ergosterol  on  page  212. 

While  "The  Avitaminoses.  The  Chemical,  Clinical 
and  Pathological  Aspects  of  the  Vitamin  Deficiency  Dis- 
eases" cannot  be  considered  a  comprehensive  treatise,  it 
can  be  read  with  pleasure  and  profit  by  specialists  working 
in  the  field  of  nutrition.  The  reviewer  predicts  that  the 
book  will  find  wide  use  by  busy  physicians,  dietitians  and 
students  of  nutrition  because  it  contains  a  wealth  of  physio- 
logical and  clinical  material  which  can  only  be  found  in  the 

original  research  literature. 

R.  Adams  Dutciier  . 


I 

•i 


The  Little  Things  in  Life. 
of    Arkansas.     D.    Appleton 
York  City,  1937.     xi  +  340 


The  purpose  of  this  book  is 
guage,  "the  story  of  the  vitami 
glands,  in  relation  to  nutrition 
states  that  he  has  endeavored  t 
tific  research  to  human  problem 
minimize  the  laboratory  phase 
are  concerned. 

The  book  is  written  for  the  1 
style  that  should  appeal  to  non 
hand,  the  reviewer  feels  that  tl 
and  profit  by  physicians  and  st 
the  author  deals  with  many  s 
come  to  the  attention  of  the  bu 

Chapter  I  deals  with  deficiei 
low's  disease,  rickets,  and  berib« 
and  dietary  treatment. 

Chapter  II,  entitled  "The  V 
resume  of  the  discovery  of  vital 
of  their  occurrence,  functions, 
retical  and  controversial  topic 
and  practical  questions  of  inten 

Chapter  III  is  devoted  to  a  1: 
Dental  Disorders"  while  Chapi 
"The  Relation  of  Vitamin  Defii 

Chapter  V  treats  of  "Vitami 


168 


Reprinted  from  Science,  0( 


[Reprinted  from  Journal  of  Chemical  Education,  Vol.  14,  No.  8.     August,  1937.] 


The  Little  Things  in  Life.  Barnett  Sure,  Ph.D.,  University 
of  Arkansas.  D.  Appleton-Century  Company,  Inc.,  New 
York  City,  1937.     xi  +  340  pp.     13.5  X  20.5  cm.     $2.50. 

The  purpose  of  this  book  is  to  present,  in  non-technical  lan- 
guage, "the  story  of  the  vitamins,  mineral  elements  and  ductless 
glands,  in  relation  to  nutrition  and  health  of  man."  The  author 
states  that  he  has  endeavored  to  stress  the  applications  of  scien- 
tific research  to  human  problems  and  has  purposely  endeavored  to 
minimize  the  laboratory  phases  so  far  as  experimental  animals 

are  concerned. 

The  book  is  written  for  the  lay  reader  in  a  clear  and  pleasing 
style  that  should  appeal  to  non-technical  readers.  On  the  other 
hand,  the  reviewer  feels  that  the  book  can  be  read  with  pleasure 
and  profit  by  physicians  and  students  of  nutrition  for  the  reason 
the  author  deals  with  many  subjects  which  do  not  ordinarily 
come  to  the  attention  of  the  busy  specialist. 

Chapter  I  deals  with  deficiency  diseases  such  as  scurvy,  Bar- 
low's disease,  rickets,  and  beriberi,  with  special  reference  to  cause 

and  dietary  treatment.  .  .  ,  •        •     i 

Chapter  II,  entitled  "The  Vitamins,"  gives  a  brief  historical 
resume  of  the  discovery  of  vitamins  accompanied  by  a  discussion 
of  their  occurrence,  functions,  properties,  and  stability.  Theo- 
retical and  controversial  topics  are  avoided  quite  successfully, 
and  practical  questions  of  interest  to  the  layman  are  stressed. 

Chapter  III  is  devoted  to  a  brief  discussion  of  "Vitamins  and 
Dental  Disorders"  while  Chapter  IV  gives  a  brief  discussion  of 
"The  Relation  of  Vitamin  Deficiencies  to  Colds  and  Infections. 
Chapter  V  treats  of  "Vitamins  in  Infant  Nutrition"  which  is 


followed  (Chapter  VI)  by  a  discussion  of  "Vitamins  during  the 
Nursing  Period  and  Pregnancy." 

Subsequent  chapters  (VII  to  XIV  inclusive)  deal  with  such 
topics  as  "Vitamins  and  Malnutrition,"  "Vitamins  in  Various 
Ailments."  "Vitamin  Content  of  Foodstuffs,"  "Minerals,  Ane- 
mias and  Goiter,"  "Foods.  Hay-Fever  and  Asthma,"  "Ferments 
and  Indigestion,"  "The  Ductless  Glands  and  Nutrition,"  and 
"The  Little  Things  of  Life  Are  the  Big  Things  of  Life." 

Five  pages  at  the  end  of  the  book  are  devoted  to  a  glossary 
which  gives  simple  definitions  for  technical  terms  used  in  the  pre- 
ceding chapters.  Author  and  subject  indices  are  also  appended. 
The  reviewer  infers  that  this  book  is  to  be  included  in  the  Apple- 
ton  Popular  Health  Series  to  which  many  eminent  popular 
writers  on  health  and  medical  topics  have  contributed. 

Dr.  Sure  writes  with  authority  in  the  vitamin  field,  in  which  he 
has  made  many  important  contributions.  He  writes  convincingly 
in  related  fields,  in  which  he  has  done  little  or  no  experimental 
work  In  the  reviewer's  opinion  Dr.  Sure  has  done  a  remarkably 
good  job  in  reviewing  the  clinical  field,  where  he  has  had  little  or  no 
first  hand  experience.  It  is  entirely  probable  that  some  members 
of  the  medical  fraternity  will  feel  that  Dr.  Sure  has  overstepped, 
at  times,  that  debatable  zone  between  biochemistry  and  medi- 
cine which  has  been  guarded  somewhat  jealously  by  the  medical 
profession.  In  most  cases,  however,  the  author  defends  his  posi- 
tion by  direct  references  to  the  original  experimental  and  clinical 

'%^hrreviewer  knows  of  no  popular  treatise  which  discusses  the 
topics  enumerated  with  greater  clarity  and  in^e^rest^  ^^^^^^ 

The  Pennsylvania  State  College 
.^TATE  College,  Pennsylvania 
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1  Authorized  for  publication  on  July  29,  1937, 
No.  781  in  the  Journal  Series  of  the  Pennsylvai 
cultural  Experiment  Station. 

2  0.  Loew,  *^  Curing  and  Fermentation  of  Ci 
Tobacco, '^  U.  S.  Dept.  Agr.  Kep^t.  59,  1899;  ' 
logical  Studies  of  Connecticut  Leaf  Tobacco, 
Dept.  Agr.  Rep't.  65,  1900;  '^Catalase,  A  New 
of  General  Occurrence,  with  Special  ^Referenc 
Tobacco  Plant,''  U.  S.  Dept.  Agr.  Rep't.  68,  19< 
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THE  FERMENTATION  OF  CIGAR-LEAF 

TOBACCOi 

Contrary  to  the  observations  of  Loew,^  investiga- 
tions at  the  Pennsylvania  Agricultural   Experiment 
Station  emphasize  the  significance  of  microorganisms 
in  the  normal  fermentation  of  cigar-leaf  tobacco.    An 
epiphytic  flora,  consisting  chiefly  of  members  of  the 
genera  Bacillus,  Staphylococcus,  Aspergillus,  Penicil- 
Hum,  Rhizopus  and  Mucor,  was  found  upon  the  cured 
leaf.     During  the  fermentation,  species  of  the  genus 
Bacillus  were  found  to  multiply  rapidly;  agar  plate 
counts  of  these  organisms  increased  from  values  of  less 
than  500,000  per  gram  to  values  in  excess  of  2,000,- 
000,000  per  gram.     Direct  counts  revealed  increases 
from  an  initial  figure  of  less  than  500,000,000  per  gram 
to  counts  greater  than  15,000,000,000  per  gram.    The 
rate  of  multiplication  depended,  among  other  factors, 
upon  the  quality  of  the  substrate,  the  amount  of  mois- 
ture present  and  the  temperature  maintained.      Al- 
though members  of  this  genus  were  present  in  the 
spore  state  at  the  end  of  the  curing  process,  chains 
of  vegetative  cells  of  this  group  appeared  in  the  early 
stages  of  the   subsequent  fermentation.     Two  types 
take  part  in  this  extensive  multiplication  of  spore- 
formers.     One  type  was  easily  identified  as  B.  mega- 
therium.    The  latter  organism  represents  either  a  pe- 
culiar variation  of  B.  suhtilis,  or  it  may  be  classified 
as   a   previously   undescribed    species.       The    second 
organism  is  a  slender,  motile  rod,  forming  central  to 
excentric  spores.      The  response  of  this  bacillus  to 
biochemical  tests  corresponds  closely  to  the  reactions 
of  B.  subtilis.     Colonies  upon  agar  are  spreading,  ad- 
herent and  somewhat  mycoides-like. 

1  Authorized  for  publication  on  July  29,  1937,  as  paper 
No.  781  in  the  Journal  Series  of  the  Pennsylvania  Agri- 
cultural Experiment  Station. 

2  0  Loew  *' Curing  and  Fermentation  of  Cigar-Lieaf 
Tobacco,'^  U.  S.  Dept.  Agr.  Rep^t.  59  1899;  ^ Physio- 
logical Studies  of  Connecticut  Leaf  Tobacco,'  U.  8. 
Dept.  Agr.  Rep 't.  65,  1900 ;  *  ^  Catalase,  A  New  Enzyme 
of  General  Occurrence,  with  Special  ^Reference  to  the 
Tobacco  Plant,''  U.  S.  Dept.  Agr.  Rep't.  68,  1901. 


Staphylococci  were  frequently  observed  upon  cured 
and  fermenting  tobacco.  Occasionally  the  numbers 
equaled  or  exceeded  those  of  bacilli,  but  in  many  cases 
the  normal  fermentation  progressed  without  the  ap- 
pearance of  this  organism;  on  the  other  hand,  bacilli 
were  always  found  in  the  fermenting  tobacco. 

Although  present  in  significant  numbers  on  cured 
tobacco,  members  of  the  genera  Aspergillus,  Penicil- 
lium,  Mucor  and  related  types  were  found  to  decrease 
in  number  during  the  course  of  the  fermentation.  It 
was  found,  however,  that  an  acid-agar  medium  was  of 
value  in  the  study  of  cured  and  curing  tobacco.  The 
predominance  of  Aspergilli  and  Penicillia  on  these 
plates  seemed  to  indicate  a  tobacco  difficult  to  ferment. 
This,  apparently,  is  associated  with  the  degree  of  com- 
plexity of  carbohydrate  and  nitrogenous  material  in 

the  leaf. 

Studies  of  the  catalase  activity  of  the  tobacco  re- 
vealed a  direct  relation  between  the  number  and  the 
activities  of  the  microorganisms  on  the  leaf.  Low 
bacterial  counts  were  invariably  accompanied  by 
slight  catalase  activity  and  high  counts  by  considerable 
catalase  activity.  Any  experimental  treatment  of  the 
leaf  that  resulted  in  the  inhibition  of  bacterial  growth 
prevented  increases  in  catalase  activity.  Any  increase 
in  catalase  activity  was  accompanied  by  an  increase 
in  bacterial  numbers.  Catalase  activity  was  restored 
to  tobacco  rendered  inactive  by  heat  treatment  when 
inoculated    with    cultures    previously    isolated    from 

tobacco. 

This  work  will  be  reported  in  detail  in  a  series  of 
technical  bulletins  of  the  Pennsylvania  Agricultural 
Experiment  Station. 

J.  J.  Reid 

D.  W.  McKlNSTRT 

D.  E.  Haley 

Pennsylvania  Agricultural 
Experiment  Station, 
State  College,  Pa. 
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CENTRAL  PENNSYLVANIA  BRANCH 
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Syphilis  from  the  Standpoint  of  the 
Clinician.  Peter  P.  Mayock,  Chief 
of  State  Genito-Urinary  Clinic, 
Wilkes-Barre,    Pennsylvania. 

Social  Work  and  Syphilis.  Nellie 
Loftus,  Chief  Nurse  and  Social 
Worker,  State  Clinic,  Wilkes-Barre, 
Pa. 

Stenosing  Proctitis,  or  the  Sixth 
Venereal  Disease.  G.  N.  Fleugel, 
State  Genito-Urinary  Clinic,  Wilkes- 
Barre,  Pennsylvania. 

Modern  Problems  in  the  Experi- 
mental Study  of  Syphilis.    Harry 
EagUy  United  States  Public  Health 
Service,  Washington,  D.  C.  and  the 
Johns  Hopkins  Medical  School,  Bal- 
timore,  Maryland. 
Contrary  to  the  accepted  teaching 
of  25  years,  it  is  questionable  whether 
the  Spirocheta  pallida  has  ever  been 
successfully    cultivated    on    artificial 
media.     Such  regular  cultivation  of  a 
truly  pathogenic  Spirocheta  pallida  is 
perhaps  the  most  pressing  problem  in 
syphilis   research. 

In  the  serodiagnosis  of  syphilis,  it  is 
important  that  serologists  devise  new, 
more  sensitive  and  more  reliable  mod- 
ifications of  the  laboratory  tests;  but  it 
is  even  more  important  that  laboratory 
technicians  learn  to  use  properly  those 
technics  which  are  already  available. 


The  nature  of  the  reactive  substance 
in  syphilitic  serum  has  been  a  long- 
standing mystery.  It  seems  a  plausi- 
ble working  hypothesis,  consistent 
with  the  known  facts,  that  it  is  simply 
an  antibody  to  the  Spirocheta  pallida. 
That  this  antibody  reacts  with  a  non- 
specific antigen  (e.g.,  beef  heart  lipoid) 
may  simply  be  due  to  the  presence  in 
the  spirochete  and  in  mammalian  tissue 
of  a  serologically  related  antigenic 
factor,  a  cross-reaction  for  which  there 
are  numerous  analogies. 

The  nature  of  the  ''immunity"  (i.e., 
resistance  to  re-infection)  engendered 
by  syphilitic  infection  is  as  yet  wholly 
obscure.  The  elucidation  both  of  the 
biologic  properties  of  the  Spirocheta 
pallida,  and  of  the  nature  of  the  anti- 
body response  in  the  infected  individ- 
ual, have  been  seriously  handicapped 
by  our  inability  to  grow  the  organism 

in  vitro. 

With  respect  to  the  chemotherapy  of 
syphilis,  although  the  arsphenamines 
constitute  a  therapeutic  agent  of 
proved  value,  the  mechanism  of  their 
action  is  as  yet  obscure.  The  elucida- 
tion of  this  problem  may  well  provide 
a  clue  to  the  development  of  more 
effective,  more  rapid  or  safer  methods 
of  treatment. 

Tuberculous  Tracheobronchitis. 
Preliminary  Report  of  its  Treat- 
ment BY  Electrocoagulation.    F, 
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W.    Davison,    Department    of   Oto- 
laryngology and  Bronchoscopy,  The 
George  F.  Geisinger  Memorial  Hos- 
pital, Danville,  Penn. 
The  pathology  of  tuberculous  tra- 
cheobronchitis has  been  well  described 
by  Dr.  Leo  Eloesser.     Accurate  diag- 
nosis of  these  lesions  is  not  possible 
without    bronchoscopic     examination 
and  it  is  only  recently  that  the  bron- 
choscope has  been  used  as  a  means  of 
diagnosis     in     tuberculous     patients. 
During  the  past  nine  months  we  have 
had  the  opportunity  of  observing  and 
treating   three    patients   with    tuber- 
culous, tracheal  and  bronchial  lesions. 
While  the  number  of  patients  treated 
is  small,  the  results  have  been  so  con- 
sistently satisfactory  that  I  think  it 
is  worth  while  to  make  a  preliminary 
report  with  the  hope  that  others  will 
give  this  method  a  trial. 

I  have  been  using  an  electro-coagu- 
lation current  of  low  intensity,  not 
with  the  idea  of  destroying  all  the 
tuberculous  tissue  present,  but  with 
the  idea  of  inducing  an  acute  inflamma- 
tory reaction  locally,  which  results 
in  increased  blood  supply  and  in  has- 
tening production  of  fibrous  tissue. 

No  harmful  effects  were  noted  as  a 
result  of  bronchoscopic  examination 
and  in  each  case  the  tracheo-bronchial 
lesions  showed  a  consistent  tendency 
to  heal  under  the  influence  of  treat- 
ment with  a  mild  electro-coagulation 
current. 

The  Relation  of  Catalase  Activity 
TO  THE  Microflora  of  Cured  and 
Fermenting  Tobacco.  /.  /.  Reid, 
D.  E.  Haley,  D.  W,  McKinstry  and 
J.  D.  Surmatis,  Division  of  Bacter- 
iology and  Department  of  Agricul- 


tural and  Biological  Chemistry, 
The  Pennsylvania  State  College, 
State  College,  Pa. 

An  extensive  flora  was  found  on  the 
leaves  of  cured  Pennsylvania  cigar- 
leaf  tobacco.  Spores  of  members  of 
the  genus  Bacillus,  cocci,  and  fungi  of 
the  genera  Aspergillus,  Pencillium  and 
Rhizopus  comprised  the  major  portion 
of  the  microflora  present.  Tobacco  of 
poor  quality  showed  fewer  bacteria  than 
tobacco  of  good  quality,  although  in 
some  cases  the  numbers  of  fungi  pres- 
ent were  greater  than  in  the  case  of  the 
better  grades  of  tobacco. 

Catalase  activity  of  the  cured  to- 
bacco was  found  to  be  directly  related 
to  the  numbers  of  microorganisms 
present.  High  bacterial  counts  were 
invariably  associated  with  marked 
catalase  activity  and  low  counts  with 
little  or  no  activity. 

During  the  fermentation  process  a 
marked  increase  in  bacterial  numbers 
was  noted  and  this  in  every  instance 
was  accompanied  by  a  relative  increase 
in  catalase  activity.  Vegetative  cells 
of  the  genus  Bacillus,  occurring  in 
chains  of  from  2  to  8  organisms,  were 
observed. 

Any  treatment  of  tobacco  attempted 
which  was  found  to  inhibit  the  repro- 
duction of  microorganisms,  likewise 
prevented  an  increase  in  catalase 
activity.  Treatments,  on  the  other 
hand,  that  resulted  in  an  increase  in 
bacterial  numbers,  resulted  in  an  in- 
crease in  catalase  activity. 

Normal  catalase  activity  was  re- 
stored to  tobacco  rendered  inactive 
by  heat  by  means  of  inoculation  with 
pure  cultures  of  bacilli  isolated  from 
cured  and  fermenting  tobacco. 
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The  Natuj 


Considerable  recent  progress  has  been  made 
along  special  lines  of  enzyme  research,  especially 
in  the  elucidation  of  the  nature  and  mode  of  ac- 
tion of  enzymes.  This  progress  has  been  wit- 
nessed in  connection  with  nearly  all  except  the  fat 
splitting  enzymes.  Ricinus  lipase,  the  lipolytic 
principle  of  the  castor  bean  {Ricinus  communis) 
is  the  most  highly  active  of  this  particular  group. 
It,  however,  has  received  the  least  attention  dur- 
ing the  recent  advances  in  our  knowledge  of  en- 
zymes. This  fact  is  probably  due  to  a  variety  of 
underlying  reasons  chief  of  which  is  the  discourag- 
ing sensitivity  of  most  workers  to  the  dried  fat 
free  castor  bean  preparations. 

The  present  communication  represents  an  at- 
tempt to  contribute  to  the  existing  knowledge  of 
the  nature  of  the  lipolytically  active  principle  of 
the  castor  bean  and  the  mode  of  its  action. 

Experimental 

A.  Materials  and  Methods. — The  experimental  pro- 
cedures and  techniques  followed  in  these  studies  were 
essentially  the  same  as  those  previously  reported. ^  The 
considerable  husk  on  the  castor  beans^  was  removed 
prior  to  extraction  in  all  cases  except  where  a  specific 
experiment  was  conducted  to  redetermine  the  necessity  of 
this  operation^"®  (c/.  Table  II). 

Method  of  Calculation  of  Lipolytic  Activity. — A  formula 
for  the  calculation  of  the  percentage  hydrolysis  of  an  oil  is 
given  by  Longenecker  and  Haley. ^  Through  a  typographi- 
cal error  in  the  original  paper,  the  term  (X  100)  in  the 
formula  was  omitted.  The  correct  expression  of  the 
formula  is 

ml.  0.1  JY  alkali  (sample)  -  ml.  0.1  iValk.  (blank) 
Saponification  no.^  —  Free  fatty  acid  no.^ 

100  =   %  hydrolysis 

A  standard  procedure  was  adopted  for  the  estimation  of 
lipolytic  activity.  This  was  followed  imless  mention  is 
made  of  a  special  procedure  in  some  of  the  following  ex- 
periments. This  "standard  determination"  consisted  of 
introducing  definite  weights  of  olive  oil  and  lipase  material 

(1)  Authorized  for  publication  on  January  16,  1937,  as  paper  No. 
757  in  the  Journal  iSeries  of  the  Pennsylvania  Agricultural  Experi- 
ment vStation.  Submitted  in  partial  fulfilment  of  the  requirements 
for  the  degree  of  Doctor  of  Philosophy  at  the  Pennsylvania  State 
College. 

(2)  Longenecker  and  Haley,  This  Journal,  67,  2019  (1935). 

(3)  We  are  indebted  to  The  Baker  Castor  Oil  Co.  of  Newark, 
N.  J.,  for  a  generous  supply  of  large  size  Manchurian  beans. 

(4)  Nicloux,  Mem.  Soc.  Biol.,  66,  701,  839,  868  (1904). 

(5)  Armstrong  and  Ormcrod,  Proc.  Roy.  Soc.  (London),  78B, 
376  (1906). 

(6)  Noyes,  Lorberblatt  and  Falk,  /.  Biol.  Chem.,  68,  135  (1926). 

(7)  Expressed  in  ml.  0.1  .V  alkali. 


into  5-ml.  hard  glass  bottles  which  were  then  brought  to  the 
proper  temperature  (37-38°).  Acetic  acid  (0.1  N)  was 
next  added  to  provide  the  necessary  water  for  the  reaction 
and  to  bring  the  pK  of  the  mixture  to  the  optimum.* 
The  same  sample  of  olive  oil  was  used  throughout  the  work 
reported  in  this  paper. 

While  the  formula  mentioned  above  permits  the  calcu- 
lation of  the  percentage  hydrolysis,  it  is  desirable  at  times 
to  know  the  relative  activity  of  different  preparations  as 
compared  to  each  other.  To  express  this  activity  an 
arbitrary  measure,  the  lipase  unit  (L.  U.)  has  been  de- 
rived.9  The  formula  lOOO/WT  =  L.  U.,  in  which  T  is  the 
time  of  reaction  in  minutes  required  to  effect  a  40%  hy- 
drolysis of  olive  oil  (saponification  no.  190),  and  W  is  the 
weight  of  the  enzyme  preparation  in  grams. 

The  time  required  for  a  40%  hydrolysis  may  best  be 
determined  by  plotting  the  course  of  the  reaction  against 
time  and  determining  the  point  at  which  40%  of  the  ma- 
terial is  hydrolyzed.  The  point  of  40%  hydrolysis  was 
chosen  as  the  basis  of  calculations  after  a  number  of  obser- 
vations indicated  that  the  cumulative  effects  of  contact 
with  the  digestion  mixture  (discussed  later)  were  not  ap- 
preciable until  some  time  after  50-60%  of  the  olive  oil 
had  hydrolyzed.  Typical  results  from  the  calculations  of 
the  lipase  imits  in  two  active  preparations  are  shown  in 
Table  I. 


Enzyme   Unitage 


Wt.  lipase 

material, 

g. 


Table  I 

OF    Two    Typical 
Preparations 

Time  for  40% 

hydrolysis, 

rain. 


Ricinus   Lipase 


Lipase 
units, 
L.  U. 


Preparation  13a,  passed  20-mesh  sieve 


0.100 
.080 
.070 
.060 
.050 
.040 


16 

19. 

23 

26 

38 

51 


625 
636 
621 
641 
526 
500 


Preparation  13b,  passed  40-mesh  sieve 

0.100  11  909 

.080  15  890 

.060  19.5  900 

.050  22  910 

.  040  30  825 

Effect  of  Decortication  on  Lipase  Activity. — A  large 
number  of  whole  beans  was  subdivided  into  two  samples; 
from  one  the  outer  husk  was  removed  prior  to  the  extrac- 
tion, while  the  other  was  treated  in  the  usual  manner  ex- 
cept that  the  husk  was  not  removed.  The  relative  ac- 
tivities of  the  two  samples  are  shown  in  Table  II. 


(8)  Haley  and  Lyman,  This  Journal,  43,  2664  (1921). 

(9)  The  suggestions  of  Dr.  £.  S.  Flinn  have  been  helpful  in  this 
portion  of  the  work. 


Table  II 

Comparison   of   Activities  of   Ricinus  Lipa! 
Whole  and  Decorticated  Beans 


Time  of 

r Hydrol 

yrsis,  % ' 

digestion,  min. 

A 

^1 

6 

•    • 

28; 

10 

39.7 

40, 

15 

33.5 

53 

30 

76.3 

72 

45 

82.1 

81 

60 

85.8 

86 

120 

89.0 

92 

180 

90.7 

• 

300 

92.7 

• 

Effect  of  Fat  Solvent  on  Lipase  Activity.— Sin< 
observed  that  the  extraction  of  the  beans  procee( 
rapidly  with  some  solvents  than  with  others,  the 
of  bean  preparations  extracted  with  ethyl  ether, 
and  a  carefully  fractionated  (b.  p.  32-34°)  petrolei 
were  compared  with  those  extracted  with  ordif 
troleum  ether  (b.  p.  20-40°).  In  all  cases  1.0  gi 
oil,  0.100  g.  of  lipase  and  0.6  ml.  of  0.1  iV  acetaldelt 
used.     The  results  are  shown  in  Table  III. 

Table  III 

Percentage  Hydrolysis  of  Olive  Oil  with 
Lipase  Prepared  with  Various  Solveni 

Time  of  digestia 

4 


Solvent  used 
Petroleum  ether  {20-40°) 
Petroleum  ether  (32-34°) 
Ethyl  ether 
Acetone 


1 

59.0 
64.2 
22.1 
20.7 


81.3 
82.4 
52.3 
41.1 


Effect  of  Different  Amoxints  of  Water  and  Oil  « 
ent  Lipase  Activity.— To  determine  the  optimum  o 
for  lipase  activity,  the  amounts  and  proportioni 
oil  and  water  in  the  digestion  mixture  were  varied, 
in  Table  IV.  The  quantities  of  lipase  material 
of  417  L.  U.),  and  acetic  acid  (equivalent  to  0.0 

Table  IV 

Action  of  Ricinus  Lipase  in  the  Presence  oi 
Concentrations  of  Olive  Oil  and  Wat 

Hours 
5 
Hydrolysis,  % 

14.0 


Composition 
digestion  mixture    E.  m.  f  .2»o, 
"'"  —  mv. 


Oil,  g. 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

r.oo 

O.50 
1.00 
1.50 
2.00 
3.00 


Water,  g. 
0.02 

.03 

.05 

.06 

.10 

.20 

.30 

.60 

1.00 

2.00 

3.00 

0.60 

0.60 

0.60 

0.60 

0.60 


170 
172 
172 
173 
170 
172 
172 
180 
190 
17r. 
172 
172 
172 
178 


4.4 
16.9 
30.0 
35.5 
43.0 
60.6 
53.6 
55.8 
50.1 
42.8 
40.2 
78.1 
56.  J 
40.0 
34.8 
18.7 


30.0 
49.3 
49.8 
05.9 
74.0 
81.8 
73.9 
75 . 6 
74.7 
08  o 
100. 0 
73.  l> 
08.0 
60.7 
52 . 0 
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The  effect  of  oleic  acid 
ration  is  thus  apparent,     i 
five  series  of  samples  were 
in  Fig.  2.     In  all  series, 
(670  L.  U.)  and  0.6  ml.  < 
In  series  A,  l.OU  g.  of  oh^ 
a  standard  determination; 
was  used.     In  series  C  the 
allowed  to  proceed  for  tw 
additional  1.00  g.  of  oil  waj 
for  three  minutes,  and  tl 
mined  in  the  usual  fashi. 
similar  in  all  respects  to  sc 
twenty-four  hours  a  thirc 
added,  and  the  mixture  al 
twenty-four  hour  period, 
drolysis  was  determined  i 
suits  are  expressed  on  the  1 


UV 


-    140 

o 


be 

^   120 


x     100 

'7 


7.      80 


>. 

O 

I 


60 


40 


20 


0 


iMg.  2.     The  effect  on  li 

Dis 

The  arbitrary  meth. 
activity  suggested  in  t 
similarly  employed  in  tl 
It  considerably  simplii 
large  nimibers  of  data 
of  rates  of  action  of  v 
effect  of  a  particular 
quantities  of  lipase  prei 
the  time  required  for  4 

(10)   Northrup,  J.  Gen.  Physt 


iReprint  from  the  Journal  of  the  American  Chemical  Society,  59,  2150  (1937).  1 
[CONTRIKU'IION   FROM  THE   LABORATORY   OF   THE    DEPARTMENT   OF   AGRICULTURAL   AND   BIOLOGICAL    CHEMISTRY,    THE 

Pennsylvania  State  College  ] 

Further  Studies  on  the  Nature  of  Ricinus  Lipase  and  its  Action' 

By  Herbert  E.  Longenecker  and  D.  E.  Haley 


Nov.,  1937 


The  Nature  and  Action  of  Ricinus  LiPAsii 


2157 


Considerable  recent  progress  has  been  made 
aloii^  special  lines  of  enzyme  research,  especially 
in  the  elncidation  of  the  nature  and  mode  of  ac- 
tion of  enzymes.  This  progress  has  been  wit- 
nessed in  connection  with  nearly  all  except  the  fat 
splitting  enzymes.  Ricinus  lipase,  the  lipolytic 
principle  of  the  castor  bean  {Ricinus  communis) 
is  the  most  highly  active  of  this  particular  group. 
It,  however,  has  received  the  least  attention  dur- 
ing the  recent  advances  in  our  knowledge  of  en- 
zymes. This  fact  is  probably  due  to  a  variety  of 
underlying  reasons  chief  of  which  is  the  discourag- 
ing sensitivity  of  most  workers  to  the  dried  fat 
free  castor  bean  preparations. 

The  present  communication  represents  an  at- 
tempt to  contribute  to  the  existing  knowledge  of 
the  nature  of  the  lipolytically  active  principle  of 
the  castor  bean  and  the  mode  of  its  action. 

Experimental 

A.  Materials  and  Methods. — The  experimental  pro- 
cedures and  techniques  followed  in  these  studies  were 
essentially  the  same  as  those  previously  reported. ^  The 
considerable  husk  on  the  castor  beans''  was  removed 
prior  to  extraction  in  all  cases  except  where  a  specific 
experiment  was  conducted  to  redetermine  the  necessity  of 
this  operation^-«  (cf.  Table  II). 

Method  of  Calculation  of  Lipolytic  Activity. — A  formula 
for  the  calculation  of  the  percentage  hydrolysis  of  an  oil  is 
given  by  Longenecker  and  Haley.*  Through  a  typographi- 
cal error  in  the  original  paper,  the  term  (X  100)  in  the 
formula  was  omitted.  The  correct  expression  of  the 
formula  is 

ml.  0.1  A^  alkali  (sample)  -  ml.  0.1  ATalk.  (blank) 
Saponification  no.'  -  Free  fatty  acid  no.^ 

100  =  %  hydrolysis 

A  standard  procedure  was  adopted  for  the  estimation  of 
lipolytic  activity.  This  was  followed  unless  mention  is 
made  of  a  special  procedure  in  some  of  the  following  ex- 
periments. This  "standard  determination"  consisted  of 
introducing  definite  weights  of  olive  oil  and  lipase  material 

(1)  Authorized  for  publication  on  January  16,  1937.  as  paper  No. 
757  in  the  Journal  Series  of  the  Pennsylvania  Agricultural  Experi- 
ment vStation.  Submitted  in  partial  fulfilment  of  the  requirements 
for  the  degree  of  Doctor  of  Philosophy  at  the  Pennsylvania  State 
College. 

(2)  Longenecker  and  Ualey,  This  Journal,  67,  2019  (1935). 

(3)  We  are  indebted  to  The  Baker  Castor  Oil  Co.  of  Newark, 
N.  J.,  for  a  generous  supply  of  large  size  Manchurian  beans. 

(4)  Nicloux,  Mew.  Snc.  Bml.,  66,  701,  839,  868  (1904). 

(5)  Armstrong  and  Ormerod  Proc.  Roy.  Soc.  (London),  78B, 
370  (1906). 

(6)  Noyes,  Lorberblatt  and  Falk.  J.  Biol.  Chem.,  68,  135  (1926). 

(7)  Expressed  in  ml.  0.1  A^  alkali. 


into  5-ml.  hard  glass  bottles  which  were  then  brought  to  the 
proper  temperature  (37-38°).  Acetic  acid  (0.1  N)  was 
next  added  to  provide  the  necessary  water  for  the  reaction 
and  to  bring  the  />H  of  the  mixture  to  the  optimum.* 
The  same  sample  of  olive  oil  was  used  throughout  the  work 
reported  in  this  paper. 

While  the  formula  mentioned  above  permits  the  calcu- 
lation of  the  percentage  hydrolysis,  it  is  desirable  at  times 
to  know  the  relative  activity  of  different  preparations  as 
compared  to  each  other.  To  express  this  activity  an 
arbitrary  measure,  the  lipase  unit  (L.  U.)  has  been  de- 
rived.9  The  formula  \000/WT  =  L.  U.,  in  which  T  is  the 
time  of  reaction  in  minutes  required  to  effect  a  40%  hy- 
drolysis of  olive  oil  (saponification  no.  190),  and  W  is  the 
weight  of  the  enzyme  preparation  in  grams. 

The  time  required  for  a  40%  hydrolysis  may  best  be 
determined  by  plotting  the  course  of  the  reaction  against 
time  and  determining  the  point  at  which  40%  of  the  ma- 
terial is  hydrolyzed.  The  point  of  40%  hydrolysis  was 
chosen  as  the  basis  of  calculations  after  a  number  of  obser- 
vations indicated  that  the  cumulative  effects  of  contact 
with  the  digestion  mixture  (discussed  later)  were  not  ap- 
preciable until  some  time  after  50-60%  of  the  olive  oil 
had  hydrolyzed.  Typical  results  from  the  calculations  of 
the  lipase  units  in  two  active  preparations  are  shown  in 
Table  I. 


Lipase 


Table  I 

Enzyme    Unitage 

OF    Two   Typical    Ricinus   ] 

Preparations 

Wt.  lipase 

material, 

g* 

Time  for  40%                     Lipase 

hydroly.sis,                         units, 

rain.                                L.  U. 

Preparation  13a,  passed  20-mesh  sieve 

0.100 

16                            625 

.080 

19.5                        636 

.070 

23                            621 

.060 

26                            641 

.050 

38                            626 

.040 

51                            500 

Preparation  13b,  passed  40-mesh  sieve 

0.100  11  909 

.080  15  890 

.060  19.5  900 

.050  22  910 

.  040  30  825 

Effect  of  Decortication  on  Lipase  Activity. — A  large 
number  of  whole  beans  was  subdivided  into  two  samples; 
from  one  the  outer  husk  was  removed  prior  to  the  extrac- 
tion, while  the  other  was  treated  in  the  usual  manner  ex- 
cept that  the  husk  was  not  removed.  The  relative  ac- 
tivities of  the  two  samples  are  shown  in  Table  II. 

(8)  Haley  and  Lyman,  Tins  Journal,  43,  2664  (1921). 

(9)  The  suggestions  of  Dr.  E.  S.  Flinn  have  been  helpful  in  this 
portion  of  the  work. 


Table  II 

Comparison   of   Activities  of  Ricinus  Lipase   from 
Whole  and  Decorticated  Beans 


Time  of 
digestion,  min. 

6 

10 

15 

30 

45 

60 
120 
180 
300 


39.7 
33.5 
76.3 
82.1 
85.8 
89.0 
90.7 
92.7 


-Hydrolysis,  % 


B 

28.3 
40.0 
53.0 
72.9 
81.7 
86.0 
92.  G 


Effect  of  Fat  Solvent  on  Lipase  Activity.— Since  it  was 
observed  that  the  extraction  of  the  beans  proceeded  more 
rapidly  with  some  solvents  than  with  others,  the  activity 
of  bean  preparations  extracted  with  ethyl  ether,  acetone 
and  a  carefully  fractionated  (b.  p.  32-34°)  petroleum  ether 
were  compared  with  those  extracted  with  ordinary  pe- 
troleum ether  (b.  p.  20-^0°).  In  all  cases  1.0  g.  of  olive 
oil.  0.100  g.  of  lipase  and  0.6  ml.  of  0.1  iV  acetaldehyde  were 
used.     The  results  are  shown  in  Table  III. 

Table  III 

Percentage  Hydrolysis  of  Olive  Oil  with  Ricinus 

Lipase  Prepared  with  Various  Solvents 


N)  were  kept  constant  in  this  experiment,  and  the  e.  m.  f. 
of  the  solutions  determined  with  a  quinhydrone  electrode 
to  assure  the  proper  pK. 

Effect  of  Water  on  Lipase  Activity.— To  demonstrate 
the  inactivation  of  lipase  preparations  by  water  two  series 
of  samples  were  treated  under  the  following  conditions. 
In  series  A,  0.100  g.  of  lipase  preparation  (910  L.  U.)  was 
placed  in  0.5  ml.  of  carbonate-free  distilled  water  at 
37°,  and  held  at  this  temperature  for  different  lengths  of 
time.  At  the  end  of  the  holding  period  1.00  g.  of  olive  oil 
and  0.1  ml.  of  0.6  N  acetic  acid  was  added  and  the  percent- 
age hydrolysis  determined.  In  series  B  the  same  amount 
of  lipase  preparation  was  placed  in  1.00  g.  of  olive  oil  and 
0.5  ml.  of  carbon  dioxide-free  distilled  water  and  held  at 
37°  for  varying  lengths  of  time.  At  the  end  of  the  holding 
period  0.1  ml.  of  0.6  N  acetic  acid  was  added  likewise, 
and  the  percentage  hydrolysis  determined.  No  correc- 
tion was  necessary  for  the  action  of  the  enzyme  with  water 
alone.     Fig.  1  shows  the  results  of  this  experiment. 


Solvent  used 
Petroleum  ether  (20-40°) 
Petroleum  ether  (32-34°) 
Ethyl  ether 
Acetone 


Time  of  digestion,  hrs. 


1 

59.0 
04.2 
22.1 
20.7 


4 

81.3 
82.4 
52.3 
41.1 


24 

90.2 
95.6 
72.0 
57.0 


Effect  of  Different  Amounts  of  Water  and  Oil  on  Appar- 
ent Lipase  Activity.— To  determine  the  optimum  conditions 
for  lipase  activity,  the  amounts  and  proportions  of  olive 
oil  and  water  in  the  digestion  mixture  were  varied,  as  shown 
in  Table  IV.  The  quantities  of  lipase  material  (0.100  g. 
of  417  L.  U.),  and  acetic  acid  (equivalent  to  0.0  ml.  of  O.l 

Table  IV 

Action  of  Ricinus  Lipase  in  the  Presence  of  Various 

Concentrations  of  Olive  Oil  and  Water 

Hours 

5 

-Hydrolysis,  % 

14.0 


Composition 
digestion  mixture    E.  ui.  f .»», 
'"  ■        -       —  mv. 


lM 


Oil,  g. 

1.00 

1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
n.50 
1.00 
1.50 
2.00 
3.00 


Water,  g. 
0.02 
.03 
.05 

.06 

.10 

.20 

.30 

.60 

1.00 

2.00 

3.00 

0.60 

0.60 

0.60 

0.60 

0.60 


170 
172 
172 
173 
170 
172 
172 
180 
190 
17r. 
172 
172 
172 
178 


4.4 
16.9 
30.6 
35.5 
43.0 
50.6 
53.6 
55.8 
50.1 
42.8 
40.2 
78.1 
56.1 
40.0 
34.8 
18.7 


30.0 
49.3 
49.8 
05.9 
74.0 
81.8 
73.9 
75.6 
74.7 
08  n 
100. 0 
73.  V^ 
08.0 
60.7 
52.0 


37.0 
60.5 
59.7 
74.3 
86.6 
91.5 
94.2 
93.4 
92  9 
IM)  7 


CO         120        180        241)     3(30 
Time  of  contact,  minutes. 
Fig.  1.— The  effect  of  water  on  lipase  activity. 

Effect  of  Contact  with  Substrate  and  End-Products 
on  Lipase  Activity.— It  has  long  been  known  that  adsorp- 
tion complexes  may  be  formed  between  the  enzyme  and  its 
substrate  and  between  the  enzyme  and  the  end-products 
of  the  reaction.  Such  adsorption  tends  to  inactivate  the 
enzyme.  In  the  case  of  Ricinus  lipase  and  olive  oil,  the 
end-products  are  chiefly  oleic  acid  and  glycerol. 

In  preliminary  experiments,  the  effect  of  oleic  acid,  olive 
oil  and  glycerol  on  the  lipase  were  studied  in  the  following 
manner:  2-g.  samples  of  a  lipase  preparation  (417  L.  U.) 
were  shaken  at  intervals  during  two  days  with  20  ml.  each 
of  the  three  materials.  The  undissolved  material  was 
filtered  off  and  the  residues  from  the  oleic  acid  and  olive 
oil  were  extracted  separately  with  petroleum  ether  (b^  p. 
30-32°).  The  glycerol  residues  were  not  workable. 
The  preparations  thus  obtained  were  used  in  standard 
determinations  of  five  and  one-half  hours  duration,  to- 
gether with  a  sample  of  untreated  lipase  preparation  as  h 
ronttol.     The  results  wm-  ms  follows 
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The  effect  of  oleic  acid  in  inactivating  the  lipase  prepa- 
ration is  thus  apparent .     A  further  test  was  made  in  which 
five  series  of  samples  were  studied.     The  results  are  shown 
in  Fig.  2.     In  all  series,  0.100  g.  of  lipase  preparation 
(670  L.  U.)  and  0.()  ml.  of  0.1  N  acetic  acid  were  used. 
In  series  A,  1.00  g.  of  olive  oil  was  used  and  constituted 
a  standard  determination;   in  series  B,  2.00  g.  of  olive  oil 
was  used.     In  series  C  the  reaction  with  1.00  g.  of  oil  was 
allowed  to  proceed  for  twenty-four  hours,  after  which  an 
additional  1.00  g.  of  oil  was  added,  the  bottles  being  shaken 
for  three  minutes,  and  the  percentage  hydrolysis  deter- 
mined in  the  usual  fashion  at  intervals.     Series  D  was 
similar  in  all  respects  to  series  C  except  that  at  the  end  of 
twenty-four  hours  a  third  portion  of  1.00  g.  of  oil  was 
added,  and  the  mixture  allowed  to  react  for  an  additional 
twenty-four  hour  period,  after  which  the  percentage  hy- 
drolysis was  determined  as  in  the  other  series.     The  re- 
sults are  expressed  on  the  basis  of  1.00  g.  of  olive  oil. 
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The  efleci  ou  lipase  activity  of  contact  with  substrate  and  end-product 


Discussion 
The  arbitrary  method  of  calculating  lipolytic 
activity  suggested  in  this  paper  is  an  application 
similarly  employed  in  the  study  of  other  enzymes.^*' 
It  considerably  simplifies  the  task  of  analyzing 
large  numbers  of  data  either  for  the  comparison 
of  rates  of  action  of  various  preparations  or  the 
effect  of  a  particular  treatment.  When  small 
(quantities  of  lipase  preparation  were  used  or  v^heii 
the  time  required  for  40%  hydrolysis  was  greater 

(10)   Northrup,  /.  Gen.  Physiol,,  16,  41  (1932). 


than  twenty-five  to  thirty  mhiutes  the  results 
appeared  to  be  low,  otherwise  the  method  gives 
consistent  results. 

Preparations  of  the  same  high  degree  of  activity 
have  been  obtained  from  whole  and  decorticated 
beans.     This  fact  is  of  considerable  importance 
in  the  large  scale  preparation  of  lipase-containing 
material,  since  the  removal  of  the  seed  coats  is 
a  tedious  process.     It  has  been  found  that  lipase 
preparations  with  an  activity  of  900-1000  lipase 
units  could  be  prepared  readily  when  extraction 
of  the  oil  from  the  testing  beans  was  carried  out  in 
glass  equipment  with  low  boiling  petroleum  ether. 
It  is  to  be  noted  that  the  toxic  nature  of  the  cas- 
tor bean^-^^  is  intensified  in  the  fat  free  prepara- 
tions   described    here.       It 
was    necessary   to   observe 
constant   caution  to  avoid 
physical   contact  with    the 
dried  extracted  powder.    All 
grinding  and  sieving  opera- 
tions were  carried  out  in  a 
closed  box  and  a  dust  mask 
was     worn     whenever    the 
preparations  were  handled. 
Water  was  found   to  be 
necessary      hi      quantities 
slightly  exceedhig  the  theo- 
retical (0.06  g.  per  gram  oi 
olive  oil)  for  maximum  hy- 
drolysis.   The  striking  fact 
revealed  by  this  set  of  ex- 
periments (Table  IV)  is  that 
the  fat  hydrolysis  is  cata- 
lyzed to  a  considerable  ex- 
tent in  the  presence  of  the 
theoretical  amount  of  water 
or  less.    There  was  hydroly- 
sis in  the  presence  of  only  a 
trace  of  water.     This  sug- 
gests the  utility  of  the  lipase 
to  the  germinating  seed  which  usually  has  only 
small  quantities  of  water  for  its  divers  reactions. 
The  percentage  hydrolysis  was  higher  in  those 
cases  where  there  was  less  oil  per  unit  weight  of 
enzyme.     This    supports    the    argument    that    a 
definite   combination   of   enzyme   and   substrate 
does  take  place  with  Richius  lipase.     It  is  clear 
from  these  data  that  the  rate  of  reaction  is  de- 
pendent  upon   the  substrate  concentration   and 
not  on  the  concentration  of  water  in  the  digestion 

(11)    Uowgard,  /.  Am.  Pharm.  Assoc,  12,  116  (1923). 
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mixture.  Such  evidence  is  of  hnportance  in  a 
consideration  of  the  kinetics  of  the  reaction,  a 
report  upon  which  will  be  made  in  a  future  com- 
munication. 

The  nature  of  the  lipase  material  used  in  these 
experiments  has  been  called  to  attention.'-    The 
preparations  were  solid  mixtures  consisting  largely 
of  protein  and  ash.     It  would  be  preferable  to  con- 
fine the  term  Ricinus  lipase  to  the  chemical  in- 
dividual   which    shows    intensive    and   extensive 
lipolytic  activity;  as  it  is  used  here,  it  refers  only 
to  a  sieved  preparation  of  fat-free,  castor  beans. 
Attempts  to  isolate  or  even  concentrate  more  ac- 
tive materials  from  these  preparations  yielded  no 
positive  results.     The  chief  difficulty  in  these  at- 
tempts seemed  to  lie  in  the  marked  effect  of  water 
on  the  activity  of  the  enzyme,  as  is  shown  above 

While  no  evidence  has  been  obtained  to  iiidi- 
cp+e  the  nature  of  this  action  of  water  on  the  en- 
zyme, the  presence  of  proteolytic  as  well  as  oxida- 
tive enzymes  in  our  preparations  may  offer  the 
clue.     It  is  proposed  to  investigate  these  and  other 

possibilities. 

The  effect  of  contact  with  the  digestion  mixture 
on  the  active  enzyme  probably  represents  the 
cumulative  effects  of  water  and  the  end-products 
formed  during  the  reaction.  The  sUght  increase 
in  hydrolysis  on  addition  of  substrate  indicates 
that  the  enzyme  has  been  inactivated  but  not  en- 
tirely so  after  twenty-four  hours  contact  with 
these  substances.  There  was  httle  additional 
hydrolysis  of  more  substrate  added  after  a  sec(jnd 
twenty-four  hour  period.  These  figures  are  in- 
teresting in  contrast  with  the  results  obtained  on 
the  same  amount  of  substrate  in  contact  with  the 
enzyme  from  the  beginning  of  the  reaction.     Lack 


of  a  preparation  of  comparable  unitage  prevented 
following  the  course  of  this  inactivation  as  would 
have  been  desirable  after  thirty,  forty-five,  sixty 
and  one  hundred  and  twenty  minutes  of  contact 
with  the  digestion  mixture. 

Summary 
In  a  continuation  of  studies  on  Ricinus  lipase 
obtained  from  castor  beans  it  has  been  found  un- 
necessary to  shell  the  beans  prior  to  their  extrac- 
tion, extraneous  material  being  removed  while  siev- 
ing at  a  later  stage  during  the  preparation.  Low 
boiling  petroleum  ether  proved  the  most  satisfac- 
tory solvent  for  the  preparation  of  very  active 
samples.  Reference  has  been  made  to  dangers  in 
handling  these  fat-free  castor  bean  preparations. 

An  arbitrary  expression  for  comparing  the  ac- 
tivities of  preparations  or  the  effect  of  various 
treatments  has  been  presented.  It  is  based  on  the 
t  ime  required  for  40^  c  hy(holysis.  Limitations  in 
the  use  of  this  lipase  unitage  basis  are  discussed. 

Variation  of  the  substrate  concentration  and 
the  amount  of  water  in  the  digestion  mixture  has 
shown  the  optimum  conditions  for  Ricinus  lipase 
action  and  the  variance  permissible  for  consider- 
able action.     Lipolytic  action  in  the  presence  of  a 
trace  of  water  suggests  the  utility  of  the  enzyme 
to  the  germinating  seed.    The  dependence  of  the 
rate  of  reaction  on  the  substrate  concentration  and 
not  on  the  amount  of  water,  except  in  quantities 
approximating  the  theoretical   required,    is   dis- 
cussed. 

The  inactivating  effect  of  water  and  the  end- 
products  of  the  reaction  have  been  shown.     In- 
activation of  Ricinus  lipase  by  water  was  found 
to  take  place  in  the  presence  and  absence  of  oil. 
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Ricinus  lipase  obtained  by  any  method  thus  far 
proposed  does  not  catalyze  the  hydrolysis  of  fats 
or  oils  until  it  has  first  been  activated.  A  variety 
of  substances  had  been  used  to  activate  the  en- 
zyme before  the  realization  of  optimum  conditions 
for  its  action.2  xhe  effect  of  substances  other 
than  acids  was  indicated  in  the  early  studies  of 
Nicloux.3     Sulfates   of   manganese   and   calcium 
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Time  of  digestion,  minute*?. 
The  effect  of  cholesterol  on  the  activity  of 
Ricinus  lipase. 


were  said  to  have  a  stimulating  action.  Man- 
ganous  sulfate  has  received  especial  attention  as 
an  activator  for  Ricinus  lipase.-'.  Other  sub- 
stances which  have  been  stated  to  affect^  the 
catalysis  of  fat  cleavage  are  amino  acids,  •  • 
polypeptides  and  proteins,-  alkaloids, ^^'^^  anti- 
ng Authorized  for  publication  on  January  16.  1937.  as  paper 
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septics,'''»  pepsin  in  an  acid  medium"  and  neu- 
tral salts.*"" 

Recognizing  discrepancies  among  these  reports, 
the  present  series  of  experiments  was  conducted 
in  an  attempt  to  gain  further  information  on  the 
subject  of  stunulation  or  retardation  of  Ricinus 
lipase  action  and  with  the  hope  of  contributing 
further  evidence  as  to  the  nature  of  the  active 
material  in  the  castor  bean. 

In  connection  with  the  effects  of  various  sub- 
stances on  lipase  activity,  the  opinion  apparently 
prevails  that  cholesterol   retards  lipase   action. 
Cholesterol,  however,  tends  to  aid  the  formation 
of  water-in-oil  emulsions^"  and  it  has  been  ob- 
served experimentally"  that  Ricinus  lipase  ap- 
pears to  be  most  reactive  in  an  emulsion  of  this 
type     Cholesterol  should  not,  a  priori,  affect  the 
lipase  as  do  some  materials,  e.  g.,  salts  as  is  shown 
below     The  inescapable  conclusion  was  that  addi- 
tion of  cholesterol  to  the  digestion  mixture  should 
be  beneficial  to  Ricinus  lipase  action. 

Experimental 

Ricinus  lipase  was  prepared  and  its  activity  estimated  by 
ti,e  method  of  Longenecker  and  Haley.""  A  scnes  of 
BakeTc  P  inorganic  salts  was  added  to  the  digestion 
Sxture  and  the  customary  determinations  for  the  extent 
of  hydrolysis  of  olive  oil  were  made  (c/.  Tab  e  l^ 

The  hypothesis  regarding  the  effect  of  cholesterol  was 
tesTed  by  dissolving  cholesterol  in  olive  oil  and  measunng 
The  "ate  of  hydrolysis  of  the  latter  -  the  custom^y  ash.. 
The  data  obtained  are  given  graphically  in  Fig.  1.  1 «« 
Incentration  of  cholesterol  (Pfanstiehl  c.  p.)  was  1%  with 
respect  to  the  oil. 


Discussion 

tr^lons  (when  only  2^50  mg.  of  salt  was  added,  the  inh.b, 
-;:;;^^:^.  TH.S  JOURNAL,  44.  '52J  <\»f ,^,33, 

■^2^)   .on.„eck«  and  Haley,  T„.s  Jou....  «.  ^^^^-^\„„ 

(22)   Castor  beans  were  furmsh.d  by  the  BaK 
Newark.  N.  J. 
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Table  I 


Effect  of  Inorganic  Salts  on  Ricinus  Lipase  Action 
In  each  experiment,  1.00  g.  olive  oil,  0.050  g  lipase 
preparation  (L.  U.  =  910)  and  0.6  ml.  of  0.1  N  acetic  acid 
containing  100  mg.  of  the  salts  indicated  were  shaken  to- 
gether for  three  minutes  at  the  start,  then  let  stand  at 


Salt  added 

None  (check) 

Mercuric  acetate 

Mercuric  chloride 

Cupric  acetate 

Cobalt  acetate 

Ferric  chloride 

Zinc  chloride 

Lead  acetate 

Lead  chloride 
Mercurous  chloride 
Chromium  chloride 
Nickel  chloride 
Calcium  acetate 
Manganese  acetate 
Manganese  chloride 
Ferric  acetate 
Chromium  acetate 


Time  of  digestion,  min 
20 


38.8 

1.2 

2.6 

4.0 

10.4 

9.9 

9.6 

18.0 

21.0 

22.9 

26.2 

26.9 

28.6 

27.9 

28.5 

32.0 

35.9 


25 

43.6 
2.0 
2.7 
4.1 
12.0 
10.3 
20.0 
20.7 
24.0 
28.1 
27.5 
30.4 
33.9 
33.4 
32.0 
37.6 
42.8 


40 

53.0 
2.1 
2.6 
4.1 
13.0 
15.5 
23.2 
28.0 
31.4 
35.0 
28.5 
38.1 
42.8' 
44.8 
40.0 
53.4 
53.0 


tion  was  not  so  marked  in  these  cases) .  It  is  interesting  to 
note  that  the  preparations  at  this  Laboratory  invariably 
contain  7.15-7.25%  ash  which  on  qualitative  analysis  has 
been  shown  to  contain  manganese,  magnesium,  calcium  and 
iron."  These  naturally  occurring  salts  have  not  shown  any 
marked  effect  on  the  lipase  action  except  when  added  in 
fairly  high  concentration.  These  observations  support  the 
findings  of  Willstatter  and  Waldschmidt-Leitz"  that  man- 
ganous  salts  had  no  stimulating  effect  under  optimum  con- 
ditions of  activity. 

(23)   We  are  indebted  to  Mr.  W.  H.  Stahl  for  these  analyses. 


While  optimum  conditions  were  maintained  in  the  ex- 
periments with  cholesterol,  a  preparation  with  a  lower 
lipase  unitage  (L.  U.    =  285)  was  used.**     In  this  way 
cholesterol  was  shown  to  have  a  definite  stimulating  ef- 
fect on  the  rate  of  Ricinus  lipase  action.     The  effect  is  the 
more  pronounced  in  the  early  stages  of  the  hydrolysis,  com- 
plicating factors**  probably  accounting  for  the  same  ex- 
tent of  hydrolysis  being  reached  in  each  of  the  three  series. 
It  is  suggested  that  this  stimulation  was  due  to  the  forma- 
tion of  a  desirable  emulsion,  water-in-oil.     In  a  separate 
series  of  unreported  experiments,  the  effects  of  other  sub- 
stances chiefly  gums  known  to  produce  definite  types  of 
emulsions  were   studied.     Abnormally  low   figures  were 
obtained  for   the  percentage  hydrolysis  in  these  cases. 
It  is  quite  possible  that  these  results  were  due  to  the  emulsi- 
fying agents.     This  problem  is  receiving  further  study. 

Summary 

The  effect  of  certain  salts,  chiefly  chlorides  and 
acetates,  on  the  activity  of  Ricinus  lipase  has 
been  studied.  Each  added  salt  retarded  or  in- 
hibited the  normal  action  of  the  enzyme.  Salts  of 
cobalt,  copper  and  mercury  showed  the  greatest 
inhibiting  action.  Iron,  lead,  nickel  and  zinc 
salts  definitely  retarded  the  action,  as  to  a  less  ex- 
tent did  the  salts  of  calcium,  chromium,  and  man- 
ganese. 

Cholesterol  has  been  shown  to  accelerate  the 
action  of  Ricinus  lipase.  This  observation  is 
taken  to  indicate  further  that  a  water-in-oil  emul- 
sion is  desirable  for  Ricinus  lipase  action. 

(24)  Longenecker  and  Haley,  This  Journal,  5»,  2166  (1937). 
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ENVIEONMENTAL  TEMPERATURE  AS  A  FACTOR  IN 
THE  PRODUCTION  AND  IN  THE  CURE  OF 

RICKETS  IN  THE  RAT  ^-  ^ 

N.  B.  GUEERANT,  B.  ADAMS  DTITOHEE  AND  RUTH  CROWTHEES 
Department  of  Agricultural  and  Biological  Chemistry,  Pennsylvania  State  College 

ONE    nOURE 

(Received  for  publication  May  18,  1937) 

In  the  past,  nutritional  investigators  have  experienced  what 
appeared  to  be  irregular  variations  in  the  antirachitic  potency 
of  certain  vitamin  D  preparations.    These  variations  in  anti- 
rachitic potency  have  now  become  recognized  as  variations  in 
the  antirachitic  sensitivity  of  the  test  animals,  and  have  be- 
come more  generally  apparent  since  the  adoption  of  the  U.S.P. 
technic  for  the  assay  of  vitamin  D  and  the  subsequent  distri- 
bution of  the  reference  cod  liver  oil  as  a  standard  of  potency. 
The  routine  use  of  definite  amounts  of  this  reference  standard 
at  monthly  intervals  offers  an  excellent  opportunity  to  detect 
such  variations  in  antirachitic  sensitivity.    Since  these  assays 
are  usually  carried  out  according  to  a  carefully  standardized 
procedure,  these  variations  in  biological  response  must  result 
from  factors  other  than  those  usually  considered  in  the  assay 

technic. 

Many  investigators  have  attempted  to  eliminate  these  varia- 
tions in  antirachitic  sensitivity  by  observing  certain  precau- 
tions in  the  feeding  and  in  the  care  of  their  breeding  colony. 
Some  have  considered  such  factors  as  size  and  age  of  the  test 

•  Authorized  for  publication  on  AprU  19,  1937,  as  paper  no.  772  in  the  journal 
series  of  the  Pennsylvania  Agricultural  Experiment  Station 

'  Presented  before  the  division  of  biological  chemistry  at  the  Chapel  Hill  meet 
ing  of  the  American  Chemical  Society,  April  12  to  15,  1937. 
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animals  when  placed  on  the  rachitogenic  diet.  Others  have 
considered  the  problem  from  the  standpoint  of  environmental 
factors  such  as  the  temperature  and  the  humidity  of  the  en- 
vironment. In  fact,  Tourtellotte  and  Bacon  ('35)  have  pre- 
sented data  from  which  they  have  drawn  the  conclusion  that 
variations  in  the  sensitivity  of  the  rachitic  test  animals  are 
due  to  fluctuations  in  laboratory  temperature  during  the 
rachitic  and  test  periods.  These  investigators  intimate  that 
high  environmental  temperature  predisposes  to  short  deple- 
tion periods  and  low  biological  potencies. 
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RELATION    OF  LABORATORY    TEMPERATURE    TO  ANTIRACHITIC    RESPONSE 

Kg  1  Showing  the  relation  of  the  variations  in  laboratory  temperature  to  the 
antirachitic  potency  of  the  U.S.P.  reference  cod  liver  oil  as  determined  by  monthly 
assays  during  the  years  of  1935-1936. 

If  such  physical  factors  as  temperature  and  humidity  should 
be  found  to  be  the  principal  causes  of  these  variations  in  bio- 
logical response,  this  condition  might  be  eliminated  once  and 
for  all  by  properly  air  conditioning  the  biological  laboratory. 
However,  the  data  available  in  our  laboratory  when  the  above 
article  appeared,  failed  to  show  that  any  uniform  relationship 
existed  between  the  variable  sensitivity  of  our  test  animals  to 
rickets  and  the  temperature  of  the  experimental  laboratory 
(fig.  1).  Realizing,  however,  that  our  data  had  been  obtained 
under  a  somewhat  restricted  range  of  temperatures,  we  felt 
that  it  was  not  a  true  index  of  the  influence  of  temperature  on 
the  above  condition.    It  seemed  to  us  that  the  effect  of  en- 
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vironmental  temperature  on  the  biological  response  of  rachitic 
animals  could  be  determined  most  accurately  by  conducting 
simultaneous  tests  at  accurately  controlled  temperatures, 
using  uniform  test  animals  and  maintaining  all  other  factors 
comparable.    The  following  pages  describe  such  a  study. 

EXPEEIMENTAL 

Since  most  biological  laboratories  are  maintained  at  tem- 
peratures approximating  80°F.,  we  decided  to  maintain  our 
control  animals  at  this  temperature.     For  the  extreme,  we 
chose  temperatures  approximating  70°  and  100°F.,  which  we 
believed  to  be  sufficiently  wide  to  cover  the  most  practical 
operating  conditions.     In  order  to  maintain  these  tempera- 
tures under  thermostatic  control,  a  special  cabinet  was  con- 
structed of  insulating  material  around  one  of  our  regular 
three-tier  laboratory  cage  units.     The  three  compartments, 
each  containing  one  tier  of  cages,  were  insulated  from  each 
other  by  a  double  layer  of  the  insulating  material.    The  sur- 
faces of  the  compartments  were  reinforced  by  wooden  frame- 
work.   In  order  to  facilitate  the  cleaning  and  the  care  of  the 
experimental  animals,  all  compartments  were  provided  with 
a  door  on  each  side.     Each  compartment,  containing  eight 
individual  cages,  was  equipped  with  heating  or  cooling  ele- 
ments, thermostatic  controls,  and  other  necessary  equipment 
to  maintain  their  temperature  at  the  desired  level.    For  the 
top  and  the  middle  compartments,  electrical  heating  elements 
were  used.    The  temperature  of  the  bottom  compartment  was 
maintained  by  means  of  a  copper  coil  through  which  a  regu- 
lated amount  of  cold  water  flowed.    This  coil  was  mounted 
against  the  top  of  the  compartment  and  under  it  was  hung  a 
drip-pan  to  catch  and  carry  away  condensed  water.    When 
the  necessary  equipment  had  been  assembled  and  put  through 
some  preliminary  tests,  it  was  found  that  the  copper  coil  m 
the  bottom  compartment  was  not  sufficiently  large  to  reduce 
the  temperature  of  that  compartment  to  70°F.  under  all  sea- 
sonal conditions.    It  would,  however,  maintain  a  temperature 
of  73  +  1°F.     Because  of  this  fact,  the  temperature  of  the 
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middle  compartment  was  adjusted  to  84°  instead  of  80°  as 
previously  planned.  The  experimental  equipment,  therefore, 
when  placed  in  operation  consisted  of  three  compartments, 
each  of  which  contained  eight  individually  caged  animals  that 
were  maintained  at  temperatures  of  approximately  (±1°F.) 
73,  84  and  100°F.,  respectively. 

This  investigation  consisted  of  two  parts:    first,  to  deter- 
mine the  effect  of  temperature  on  the  production  of  rickets, 
and  secondly,  to  determine  the  effect  of  temperature  on  the 
recalcification  of  rachitic  rats  when  fed  a  definite  unitage  of 
vitamin  D.    In  the  first  of  these  studies,  two  series  of  ani- 
mals were  used,  while  in  the  second  phase  four  regular  series 
were  found  to  be  necessary  and,  in  addition,  several  control 
groups.    All  test  animals  were  of  the  same  strain,  purchased 
from  the  same  source  and  were  of  approximately  the  same  age 
when  placed  on  experiment.    In  placing  the  animals  on  experi- 
ment, unusual  care  was  exercised  to  select  only  animals  of 
the  same  sex  and  of  the  same  weight  for  the  three  compart- 
ments.   All  animals  were  fed  liberal  quantities  of  the  rachito- 
genic  diet  (Steenbock  and  Black  no.  2965,  '25)  and  were  sup- 
plied with  clean  distilled  water  at  all  times.    In  fact,  the  care 
and  handling  was  the  same  as  that  accorded  our  regular  vita- 
min D  assay  animals.     Animals  used  in  the  recalcification 
studies  were  given  2  U.S.P.  units  of  vitamin  D  on  the  first  and 
again  on  the  fourth  day  of  the  10-day  curative  period.  The  tem- 
peratures of  the  three  compartments  were  carefully  recorded 
each  day  at  a  regular  hour.    The  right  hind  leg  of  each  ani- 
mal was  x-rayed  on  the  eighteenth  and  the  twenty-first  (last) 
day  of  the  depletion  period  and  again  on  the  seventh  and  the 
tenth  (last)  day  of  the  curative  period.     At  the  end  of  the 
experiments  all  animals  were  anesthetized  with  ether,  the 
blood  removed  by  heart  puncture,  the  tibiae  removed  for 
bone  ash  determinations,  and  the   femora  for  'line   tests.' 
The  inorganic  calcium  and  the  inorganic  phosphorus  of  the 
serum  of  the  combined  blood  from  all  animals  in  each  coin- 
partment  was  determined  by  the  Clark-Collip    ('25)   modi- 
fication of  the   Kramer-Tisdall    ('21)    method  and  by  the 
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Youngburg  et  al.  ('30)  method.  The  flesh-free  tibiae  were 
dried,  extracted  in  a  Soxhlet  extractor  with  ethyl  alcohol  for 
a  period  of  12  hours  and  again  extracted  for  a  like  period 
with  sulfuric  ether.  The  extracted  bones  were  again  dried, 
weighed  and  ashed  at  a  red  heat  until  constant  weight  re- 
sulted. 

DATA 

The  data  obtained  in  these  studies  have  been  condensed  in 
tabular  form  and  are  presented  in  the  following  table.  Owing 
to  the  close  similarity  between  the  x-ray  findings  among  the 
groups  of  each  series,  it  was  found  impossible  to  express 
the  stages  of  calcification  in  terms  of  a  quantitative  measure ; 
therefore,  no  data  obtained  by  this  criterion  are  included. 
The  x-rays  were  of  considerable  value,  however,  in  following 
the  progress  of  decalcification  during  the  depletion  period. 
The  relative  degrees   of  decalcification  manifested  by  the 
negative  control  animals  at  the  end  of  the  depletion  period 
were  evaluated  in  terms  of  an  arbitrary  scale  in  which  condi- 
tions approximating  mild,  moderate  and  severe  rickets  were 
expressed  as  —  1,  —  2  and  —  3,  respectively.    The  degrees 
of  recalcification  as  indicated  by  the  4ine  test'  were  evalu- 
ated in  the  usual  manner  in  which  a  value  of  2  represented 
a  thin  but  continuous  line  of  darkened  granules  appearing 
on  the  metaphyseal  side  of  the  epiphyseal  cartilage.  Greater 
or  lesser  degrees  of  recalcification  were  designated  accord- 
ingly.    The  following  data  represent  the  average  values  of 
all  animals  of  the  respective  groups. 

DISCUSSION 

Since  the  above  experiments  were  carried  out  during  a 
period  extending  from  late  winter  to  early  fall,  the  test  ani- 
mals used  should  have  been  fairly  representative  of  those 
commonly  employed  in  biological  assays  so  far  as  the  sea- 
sons of  the  year  are  concerned.  With  every  experimental 
series,  unusual  efforts  were  made  to  select  only  vigorous 
animals  of  the  same  sex  and  of  the  same  weight  for  each  of 
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the  three  compartments.  In  fact,  the  method  of  selection 
was  so  exacting  that  in  some  series  the  individual  weights 
of  all  animals  of  the  three  compartments,  when  placed  on  the 
rachitogenic  diet,  did  not  differ  by  more  than  3  gm.  All  ani- 
mals used  were  males  except  those  of  the  sixth  series,  which 

were  all  females. 

For  the  sake  of  reference,  the  three  experimental  compart- 
ments were  designated  from  bottom  to  top  as  compartments 
A,  B  and  C,  respectively.  As  previously  stated,  the  approxi- 
mate temperatures  at  which  these  comparti.  ents  were  main- 
tained were  73,  84  and  100°  F.,  respectively.  The  various 
series  of  animals  used  were  designated  numerically  in  chron- 
ological order.  A  reference  to  a  particular  group,  for  ex- 
ample group  5-B,  denotes,  therefore,  the  fifth  group  of 
animals  maintained  in  compartment  B  at  a  temperature 
approximating  84°F.  Other  groups  will  be  similarly  desig- 
nated. 

The  relation  of  environmental  temperature  to  the  daily 
food  intake  of  the  various  test  animals  became  distinctly 
evident   during   the   first   series   of   studies   and   remained 
equally  evident  throughout  the  entire  investigation.    As  was 
to  be  expected,  those  animals  which  were  subjected  to  the 
lower    temperatures    consumed    greater    quantities    of    the 
rachitogenic  diet.    In  fact,  at  the  end  of  the  depletion  period 
those  groups  of  animals  which  were  maintained  at  tempera- 
tures of  84  and  73°  had  consumed,  on  an  average,  13  and 
31%  more  food,  respectively,  than  had  similar  animals  main- 
tained at  100°F.    When  the  experiments  were  continued  over 
a  10-day  curative  period,  these  differences  in  food  consump- 
tion increased  to  50  and  82%,  respectively.     The  average 
increase  in  body  weight  was  also  greater  at  the  lower  tem- 
peratures.   This  would  indicate  that,  under  the  conditions  ot 
the  investigation,  the  rat's  requirement  for  food  was  not  re- 
stricted to  that  required  for  energy  production  plus  the  addi- 
tional amount  required  to  produce  a  uniform  rate  of  growth. 
The  relative  amounts  of  food  required  to  produce  a  unit  gam 
in  body  weight  at  the  temperatures  studied  were :  5.9,  5.1  and 
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4.5  gm.,  respectively,  at  the  end  of  the  depletion  period  and 
8.7,  7.5  and  6.6  gm.,  respectively,  at  the  end  of  the  curative 

period. 

The  degree  of  rickets  manifested  at  the  end  of  the  depletion 
period,  as  indicated  by  the  line  test,  showed  no  significant 
differences  that  might  be  in  any  way  attributed  to  differences 
in  environmental  temperature.  There  was  a  very  slight  indi- 
cation that  more  severe  rickets  were  produced  at  the  higher 
temperature,  but  it  appears  doubtful  if  the  method  of  scoring 
the  rachitic  condition  was  sufficiently  sensitive  to  make  such 
differences  significant. 

The  line  test  score  as  determined  at  the  end  of  the  curative 
period  did  not  indicate  that  environmental  temperature  is  an 
important  consideration  in  recalcification  in  the  rat.  The 
average  values  of  the  scores  do  indicate  slightly  greater  re- 
calcification  at  the  lower  temperatures,  but  differences  among 
these  values  are  less  than  differences  among  line  test  values 
obtained  from  different  groups  of  animals  maintained  at  the 
same  temperature  and  otherwise  treated  identically. 

Those  animals  which  had  received  the  rachitogenic  diet 
during  a  21-day  depletion  period  likewise  failed  to  show  that 
environmental  temperature  had  any  definite  effect  on  serum 
calcium,  serum  phosphorus  or  bone  ash.  Here  again  groups 
of  animals  of  different  series  which  had  been  maintained  at 
the  same  environmental  temperature  showed  as  much  varia- 
tion in  these  values  as  did  groups  of  animals  of  the  same 
series  which  had  been  maintained  at  different  temperatures. 
At  the  end  of  the  curative  period,  however,  there  were  indica- 
tions that  a  higher  environmental  temperature  resulted  in  a 
higher  serum  calcium  and  a  lower  serum  phosphorus.  Here 
again  group  differences  were  marked  and  it  appears  doubtful 
if  the  apparent  temperature  effects  were  significant. 

A  point  which  appears  worthy  of  mention  concerns  the  rela- 
tive mortality  among  the  groups  of  animals  maintained  at  the 
different  temperatures.  It  may  also  be  well  to  state  that  the 
third  group  of  animals  (group  3-C)  maintained  at  the  higher 
temperature  was  accidentally  subjected  to  an  increased  tem- 
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perature  (108°F.)  during  one  night  of  the  second  week  of  the 
experiment,  due  to  the  improper  functioning  of  the  thermo- 
stat. As  a  result  of  this  increased  temperature,  a  number  of 
the  animals  died  during  the  night  and  others  were  so  severely 
weakened  that  the  entire  group  was  discarded.  Other  than 
this  group,  the  total  mortalities  numbered  a  total  of  twenty- 
seven,  of  which  eight  occurred  at  the  lowest  temperature,  one 
at  the  medium  temperature  and  eighteen  at  the  highest  tem- 
perature. Nothing  was  observed,  however,  that  would  indi- 
cate that  the  higher  mortality  was  in  any  way  related  to  a 
more  severe  rachitic  condition. 

We  were  somewhat  surprised  to  find  that  those  animals 
which  had  been  maintained  at  the  lowest  temperature  and 
which  had  consumed  the  greatest  amount  of  food,  and  in  con- 
sequence had  made  the  greatest  gain  in  body  weight,  did  not 
show  a  significant  difference  in  the  degree  of  rickets  mani- 
fested. In  our  regular  vitamin  D  assays,  where  all  animals 
are  maintained  at  a  comparable  temperature,  those  animals 
which  make  the  greatest  increase  in  body  weight  invariably 
show  the  highest  degree  of  rickets. 

A  general  consideration  of  these  data  leads  us  to  conclude 
that  environmental  temperatures,  within  the  ranges  studied, 
are  rather  unimportant  considerations  in  either  the  produc- 
tion or  the  cure  of  rickets  in  the  rat.    On  the  other  hand,  the 
data  do  indicate  that  the  history  of  the  test  animal  previous 
to  being  placed  on  the  rachitogenic  diet  is  a  worth  while  con- 
sideration.   This  is  well  illustrated  by  the  animals  compnsmg 
the  fourth  series  (groups  4-A,  4-B  and  4-C)  which  showed 
considerably  higher  serum  phosphorus  and  bone  ash  va  ues 
at  all  temperatures  than  did  the  animals  of  any  of  the  other 
series.     Such  variations  in  test  animals  appear  to  be  inde- 
pendent of  the  body  weight  when  placed  on  experiment     It  is 
highly  probable  that  this  can  be  at  least  partially  attributed 
to  unrecognized  variations  in  the  breeding  colony  diet. 
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SUMMARY 


A  series  of  studies  have  been  made  concerning  the  effect  of 
environmental  temperature  on  the  production  and  on  the  cure 
of  rickets  in  the  rat.  Comparable  experiments  were  carried 
out  at  temperatures  of  73,  84  and  100° F.,  using  a  uniform 
rachitogenic  diet  and  carefully  selected  test  animals.  The 
stages  of  calcification  were  measured  by  means  of  x-rays,  line 
test,  bone  ash,  and  serum  calcium  and  phosphorus. 

The  data  obtained  in  these  studies  indicate  that  environ- 
mental temperature  is  not  an  important  consideration  in  either 
the  production  or  the  cure  of  rickets  in  the  rat.  In  fact,  un- 
detectable differences  in  different  groups  of  rats  when  placed 
on  the  rachitogenic  diet  led  to  greater  variations  in  experi- 
mental results  than  did  a  variation  of  approximately  28 °F.  in 
environmental  temperature. 
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The  data  obtained  in  these  studies  indicate  that  environ- 
mental temperature  is  not  an  important  consideration  in  either 
the  production  or  the  cure  of  rickets  in  the  rat.  In  fact,  un- 
detectable differences  in  different  groups  of  rats  when  placed 
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mental results  than  did  a  variation  of  approximately  28° F.  in 
environmental  temperature. 
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RETARDING  RANCIDITY 
HAMS  AND  BACON 

By  PROF.  P.  THOS.  ZIEGLER  and  DR.  R.  C.  MILLER 


Avenex  No.  3  and  Avenex  No.  4  were  ^  ►^  • 
found  to  be  still  sweet.  1  i  H 

This  would  indicate  that  the  Avenex 
treatment  of  heavy  bellies  and  fat  backs 
which  are  dry  salted  might  aid  mate- 
rially in  holding  down  rancidity. 

Avenex  on  Hams 

Hams  that  are  cured  under  uncon- 
trolled conditions  (not  under  refrigera- 
tion)  are  very  often  lost  through  ham 
souring    or    the    development   of    ran- 
cidity.   The    chief    precaution    against 
ham  souring  is  immediate  and  thorough 
chilling.  In  this  test,  thoroughly  chilled 
hams  were  dry  sugar  cured  at  a  room 
temperature  of  65°   F.,  which  is  20° 
above  what  a  dry  curing  room  tempera- 
ture should  be.  It  was  an  impractical 
temperature  but  a  rigorous  test  for  ran- 
cidity. The  dry  sugar  cure  was  applied 
to  the  ham  in  two  rubbings,  the  second 
rubbing  being  applied  three  days  later. 
At  the  time  of  the  second  rubbing,  one 
ham  was  coated  with  Avenex  No.  3, 
one  with  Avenex  No.  4,  and  the  third 
was  left  to  cure  naturally.  They  were 
placed  on  a  shelf  and  left  to  cure  for 
thirty   days,   which   was   approximately 
seven  days  per  inch  of  ham.  At  the  end 
of  this  period  they  were  soaked  for  two 
hours  and  the  Avenex  was  then  washed 
from  the  ham  by  the  application  of  a 
strong    water    spray.  The    hams    were 
smoked  and  then  chilled  for  24  hours, 
when  a  cooking  as  well  as  a  rancidity 
test  was  made. 


THE    susceptibility    to    rancidity    of 
such   fatty   meat   products   as   hams 
and     bacon,     and     particularly     sliced 
bacon,  is  well  recognized.  Rancidity  of 
these  products  first  takes  the  form  of 
loss  of  fresh  flavor  and  then  develops 
objectionably   until   the  meats   actually 
become   inedible.  Even   with   refrigera- 
tion  and   rapidity  of  distribution,  this 
problem  remains,  for  it  is  in  many  cases 
impossible  to  control  time  and  condi- 
tions from  production  to  consumption 
sufficiently  to  prevent  the  development 
of  rancidity  at  least  to  some  degree. 

Work  has  already  been  done  con- 
firming the  rancidity-retarding  proper- 
ties of  oat  flour  known  as  Avenex  for 
such  products  as  ice  cream  and  frozen 
cream(^),  potato  chips^^.  '\  and  cured 
mackerel (*>.  More  recent  work  supple- 
menting the  patent  literature  <^  «>  has  in- 
dicated the  marked  increase  in  the  sta- 
bility of  the  fat  of  bacon  when  using  oat 
flour  as  part  of  the  curing  ingredients 
and  for  dusting  over  sliced  bacon.<^> 

*  The  tests  reported  in  this  article  were  conducted 
for  the  Musher  Foundation.-    Ed. 


In  an  effort  to  confirm  these  findings, 
studies  were  undertaken  to  determine 
the  inhibitory  properties  of  oat  flour 
and  oat  oil  (the  hexane  extract  of  oat 
flour).  Samples  of  whole  pulverized 
oats  known  as  Avenex  No.  3,  decorti- 
cated oat  flour  known  as  Avenex  No. 
4,  and  oat  oil  known  as  Avenol  No.  1 
were  supplied  by  the  Quaker  Oats  Co. 
for  this  work. 

Avenex  on  Bacon 

Thoroughly  chilled  bacon  slabs  were 
dry  sugar  cured  at  a  controlled  temper- 
ature of  40°  F.  Twelve  days  later  the 
bacon  slabs  were  coated  with  Avenex 
No.  3  and  a  similar  number  were  put 
up  with  Avenex  No.  4  applying  in  each 
case     approximately     II/2     O""^^^     °^ 
Avenex  to  an  average  slab  of  bacon. 
The  same  number  of  bacon  slabs  were 
cured     without     treatment     with     the 
Avenex.  All   bacons   were   held   for  6 
weeks,  at  the  end  of  which  time  they 
were  soaked,  smoked,  and  tested.     The 
uncoated   bacons  were  slightly   rancid 
whereas  the  bacons  treated   with  both 


The  ham  coated  with  Avenex  No.  3 
had  soured,  due  either  to  the  exclusion 
of  too  much  air  or  the  condition  of  the 
ham  itself.  The  ham  that  was  uncoated 
and  the  ham  coated  with  Avenex  No. 
4  were  in  good  condition,  with  the  ex- 
ception that  the  uncoated  ham  was  de- 
cidedly   more    rancid    than    the    ham 
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coated  with  Avenex  No.  4.  Although 
this  was  no  adequate  test  from  which 
to  draw  conclusions,  evidence  secured 
in  other  tests  indicates  that  for  dry  cur- 
ing pork  at  relatively  high  uncontrolled 
temperatures,  Avenex  No.  4  coated  over 
the  hams  at  the  last  rubbing  will  assist 
materially  in  deterring  rancidity. 

Smoked  Bacon  in  Avenex  No.  3 

Cured  and  smoked  bacon  slabs  were 
packed  in  a  box  and  as  each  slab  was 
packed  it  was  sprinkled  with  a  coating 
of  Avenex  No.  3,  using  from  1  to  II/2 
ounces  of  the  Avenex  to  each  slab.  The 
entire  group  of  bacons  was  then  covered 
with  the  Avenex  and  stored  at  room 
temperature  of  70°  F.  for  two  months. 
At  the  end  of  this  period  a  sample  was 
removed  and  cooked,  and  it  tested  ex- 
cellent for  color  and  flavor.  The 
Avenex  was  easily  brushed  off  and  did 
not  spoil  the  appearance  of  the  bacon. 
Samples  obtained  from  the  untreated 
bacon  slabs  were  decidedly  more  rancid. 

Avenol  Sprayed  on  Bacon 

In  this  test  two  slabs  were  sprayed 
with   just  sufficient   Avenol   No.    1    to 


make  them  sparkle  but  not  run  or  drip. 
Two  other  bacon  slabs  were  left  un- 
treated. At  the  end  of  a  5  months  stor- 
age period  at  room  temperature  of  65° 
F.  the  peroxide  value  of  all  the  slabs  of 
bacon  was  about  the  same,  none  run- 
ning over  2.17,  but  the  organoleptic 
tests  showed  that  the  sprayed  bacon 
slabs  were  far  more  desirable  in  flavor 
and  very  much  less  rancid  than  the  un- 
treated bacons. 

Samples  of  sliced  bacon  were  also 
sprayed  with  Avenol  No.  1  and  wrap- 
ped in  bulk  in  regular  parchment  paper. 
At  the  end  of  four  months  the  treated 
samples  were  in  excellent  shape  as  to 
color  and  taste,  whereas  the  untreated 
sliced  bacon  samples  were  yellow  and 
distinctly  rancid.  The  peroxide  values 
confirmed  the  organoleptic  observations. 

From  these  experiments  conducted 
using  oat  products  it  is  evident  that  both 
oat  flour  and  oat  oil  may  be  of  distinct 
value  in  retarding  the  development  of 
rancidity  in  cured  hams  and  bacon. 
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THE  CARBON  METABOLISM  OF  FUSARIUM  LYCOPERSICI 

ON  GLUCOSE^ 

By  Gordon  H.  Pritham,  graduate  scholar^  and  Arthur  K.  Anderson,  professor 
of  physiological  chemistry y  Pennsylvania  Agricultural  Experiment  Station 

INTRODUCTION 

This  paper  reports  the  results  of  the  fourth  in  a  series  of  studies 
begun  by  Anderson  in  1924,  when  he  published  on  the  biochemistry 
of  Fusarium  lini  {!)}  The  second  and  third  papers  were  from  this 
laboratory,  one  in  1933,  the  other  in  1934  {2,  3) ;  both  deal  with  Fusar- 
ium oxysporum.  The  present  investigation  was  undertaken  to  obtain 
data  on  a  third  Fusa7%um,  which  would  provide  a  basis  of  comparison 
with  the  previous  studies. 

REVIEW  OF  LITERATURE 

One  of  the  most  important  investigations  of  tomato  wilt  is  that  of 
White  {17),  who  in  1927  made  a  study  of  24  strains  of  Fusarium  lycoper^ 
ski  with  respect  to  pathogenicity,  influence  of  the  hydrogen -ion  con- 
centration of  the  medium  on  the  growth  of  the  organism,  products 
of  metabolism  on  a  glucose  medium,  and  the  toxicity  of  these  products 
to  tomato  plants. 

In  a  study  of  the  hydrogen-ion  concentration  of  the  soil  as  related 
to  the  Fusarium  wilt  of  tomato  seedlings,  Sherwood  {IJi)  found  that 
acid  soils  favor  wilting,  but  that  there  is  no  limiting  degree  of  acidity 
or  of  alkalinity  at  which  the  disease  will  not  develop.  May  (8) 
found  no  correlation  between  pH  or  titratable  acidity  of  five  varieties 
of  tomatoes  and  resistance  to  Fusarium  wilt  at  any  stage  of  growth. 
Scott  {13)  obtained  maxhnam  growth  of  Fusarium  lycopersici  at  pH 
values  between  4.5  and  5.3,  the  organism  tending  to  change  the  pH 
of  all  solutions  toward  a  constant  value  of  6.0. 

In  a  recent  study  of  the  metabolism  of  Fusarium  lycopersici,  Luz 
(7)  observed  four  phases  in  the  changes  in  hydrogen-ion  concentration 
of  the  medium  brought  about  bv  the  growth  of  the  fungus.  He 
ascribes  these  changes  to  the  formation  of  organic  acids  and  to  the 
preferential  absorption  of  ions  by  the  fungus.  He  also  found  that, 
as  soon  as  the  glucose  is  exhausted,  the  organism  very  rapidly  utilizes 
the  ethvl  alcohol  which  it  produces. 

A  considerable  amount  of  work  has  been  done  on  the  biochemistry 
of  Fusarium  lini  by  Anderson  {1),  Letcher  and  Willaman  {6),  White 
and  Willaman  {15, 16),  and  Reynolds  {11).     This  work,  together  with 

1  Received  for  publication  Mar.  12,  1937;  issued  February  1938.  Paper  No.  791  in  the  Journal  Series  of 
the  Pennsylvania  Agricultural  Experiment  Station.  This  paper  is  part  of  a  thesis  Presented  by  Gordon 
H.  Pritham  to  the  faculty  of  the  Graduate  School  of  The  Pennsylvania  State  College,  in  partial  fulfillment 
of  the  requirements  for  the  degree  of  doctor  of  philosophy. 

»  Reference  is  made  by  number  (italic)  to  Literature  Cited,  p.  948. 
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that  of  Birkinshaw,  Charles,  Raistrick,  and  Stoyle  (J)  on  various 
species  of  Fusarium,  is  reviewed  elsewhere  (S),  Reynolds  {10,  12) 
demonstrated  in  resistant  flax  plants  a  cyanogenetic  glucoside, 
linamarin,  which  inhibited  the  growth  of  F,  lini,  and  he  postulated 
that  the  fungus  may  release  enough  hydrocyanic  acid  from  a  resistant 
plant  to  inhibit  its  own  growth. 

Anderson,  Everitt,  and  Adams  {3)  repeated  much  of  Anderson's 
earlier  work,  using  Fusarium  oxysporum  instead  of  F,  lini.  They 
found  that  the  metabolism  of  the  two  organisms  on  glucose  is  very 
similar,  the  principal  diflFerence  being  that  F.  oxysporum  utilized  very 
little  of  the  ethyl  alcohol  which  it  produced,  while  F.  lini  used  it  to  a 
marked  degree.  Anderson  and  Emmart  (2)  studied  the  effect  of 
adding  certain  amino  acids  to  the  culture  medium  on  the  rate  of 
carbon  dioxide  production  by  F.  oxysporum..  The  amino  acid 
studied  had  Uttle  effect  on  the  metabolic  rate. 

GENERAL  METHODS  AND  MATERIALS 

Source  of  Fusarium  lycopersici  culture.- — The  culture  of  the  organism 
used  in  this  investigation  was  obtained  from  Dr.  CD.  Sherbakoff,  of 
the  Tennessee  Agricultural  Experiment  Station.  It  was  isolated 
from  Maryland  tomatoes  and  was  known  as  culture  M.  From  this 
culture  a  monosporous  culture  was  prepared  by  the  authors.  Trans- 
fers from  this  culture  were  used  in  the  present  study. 

Preparation  of  the  medium.- — The  medium  used  in  this  work  had 
the  following  composition: 

Ammonium  nitrate 1.  00  g. 

Magnesium  sulphate 0.  25  g. 

Monopotassium  phosphate 0.  50  g. 

Distilled  water  to  make 1,  000  ml 

To  this  stock  solution,  sufficient  glucose  was  added  to  make  an  approxi- 
mately 2-percent  solution  of  glucose.  The  exact  quantity  of  glucose 
in  each  lot  of  medium  was  determined  by  the  Folin-Wu  (7)  method 
after  autoclave  sterilization. 

Hydrogen-ion  concentration. — The  pH  value  of  all  solutions  was 
determined  electrometrically.  The  quinhy drone  electrode  was  used 
in  all  cases  except  in  the  study  of  the  influence  of  the  hydrogen-ion 
concentration  on  the  growth  of  the  fungus,  when  the  Bailey  hydrogen 
electrode  was  employed. 

Determination  oj  combustible  gases.- — Since  a  low  percentage  recov- 
ery of  carbon  was  obtained  in  preliminary  work,  where  the  methods 
were  the  same  as  those  used  in  earlier  work  on  Fusarium  lini  {1 )  and 
F.  oxysporum  (5),  it  was  thought  that  possiblv  the  fungus  might 
produce  some  gases  or  volatile  compounds  which  were  not  absorbed 
during  aeration  of  the  flasks  for  carbon  dioxide.  Consequently,  a 
combustion  tube,  partially  filled  with  ignited  lead  chromate  and  wire- 
form  cupric  oxide,  as  recommended  by  Pregl  (S),  and  another  barium 
hydroxide  tower  were  added  to  the  aeration  train,  the  gases  being 
passed  through  the  hot  combustion  tube  and  into  the  second  barium 
hydroxide  tower  after  going  through  the  first  barium  hydroxide  tower. 
A  significant  amount  of  carbon  was  recovered  by  this  method.  That 
this  was  not  merely  some  carbon  dioxide  which  had  escaped  absorption 
in  the  first  tower  was  shown  by  interposing  another  banum  hydroxide 


tower  between  the  first  one  and  the  combustion  tube.  Very  little 
carbon  dioxide  was  obtained  in  this  tower. 

Determination  oj  nitrogen  in  the  mycelium. — Since  Anderson  and 
Schutte  (4)  have  shown  that,  in  the  absence  of  chlorides,  the  residue 
from  the  determination  of  carbon  by  the  wet  combustion  method  can 
be  used  satisfactorily  for  the  determination  of  nitrogen  by  the  Kjel- 
dahl  method,  the  residue  from  each  carbon  determination  after 
digestion  was  made  strongly  alkaline  with  saturated  sodium  hydroxide 
solution,  the  ammonia  being  distilled  and  titrated  as  in  the  usual 
Kjeldahl  method. 

The  methods  for  the  preparation  and  inoculation  of  the  culture 
flasks,  the  determination  of  carbon  dioxide,  ethyl  alcohol,  residual 
glucose,  organic  acids,  and  carbon  in  the  mycelium  are  essentially  the 
same  as  those  used  in  previous  work  {1,  3), 

THE  REACTION  OF  THE  MEDIUM  IN  RELATION  TO  GROWTH 

OPTIMUM,  MAXIMUM,  AND  MINIMUM  pH 

The  technique  used  in  studying  the  relation  of  the  reaction  of  the 
medium  to  growth  of  Fusarium  lycopersici  was  similar  to  that  em- 
ployed by  Anderson  (i)  in  his  work  with  F.  lini.  The  results  are 
presented  in  figure  1.  It  is 
evident  that  F.  lycopersici 
is  very  tolerant  to  extremes 
of  acidity  and  alkalinity, 
the  minimum  pH  value  for 
growth  being  1.88  and  the 
maximum  11 .06.  These  re- 
sults correspond  well  with 
those  obtained  by  White 
\l7)  with  F,  lycopersici  and 
with  those  of  Anderson  {1) 
with  F.  lini.  Luz  (7),  how- 
ever, obtained  no  growth 
of  F.  lycopersici  at  pH  values 
above  8.10.  The  lowest  pH 
that  he  tried  was  3.25,  at 
which  value  the  fungus 
grew  well. 

The  range  for  good  growth 
is  also  very  wide,  extending 
from  about  pH  2.0  to  pH 
9.5,  the  optimum  being  pH 
4.1.  Scott  {13)  and  White 
{17)  obtained  almost  identi- 
cal results  with  F.  lyco- 
persici, but  observed  two 
maxima  in  the  growth 
curves  at  pH  4.0  to  pH  5.3 

and   above    pH    7,  with  a  ,«,v      ,  j  • 

minimum  between  pH  5  and  7.  Luz  (7)  observed  maximum 
growth  at  pH  5.7.  The  results  of  the  present  study  also  agree  weU 
with  those  found  for  F.  lini  {1 ) . 


10 


12 


0  2  4-68 

INITIAL  pH  OF  MEDIUM 

Figure  1.— Growth  of  Fusarium  lycopersici  at  various  hydro 

gen-ion  concentrations. 
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:;  CHANGE  IN  pH  DURING  GROWTH 

Figure  2  shows  graphically  the  change  in  the  reaction  of  the  medium 
with  time,  both  with  and  without  the  growth  of  the  fungus.  Perhaps 
the  most  striking  effect  is  the  marked  tendency  of  the  organism,  within 
the  range  of  vigorous  growth,  to  change  the  reaction  of  the  medium 
toward  the  optimum  value.  This  effect  is  especially  notable  on  the 
acid  side,  the  final  pH  values  of  five  cultures  tha  t  had  initial  reactions 
of  from  1.88  to  6.28  varying  only  from  4.25  to  4.95^ — values  that  are 
well  within  the  optimum  pH  range.  That  these  changes  are  due  to 
the  growth  of  the  fungus  and  not  to  independent  changes  in  the 
reaction  of  the  medium  itself  is  shown  by  the  fact  that  the  chano-e  in 
the  reaction  of  the  uninoculated  medium  tends  to  be  constant.  ^^The 
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DRY  WEIGHT  OF   MYCELIUM    (GRAMS) 

Figure  2.-Changes  in  hydrogen-ion  concentration  of  the  medium  during  growth  of  cultures  shown  in 

figure  1. 

final  pH  of  the  blanks  bears  an  approximately  constant  ratio  to  the 
mitial  pld,  except  m  the  strongly  alkahnc  solutions,  where  there  is 
evidently  considerable  absorption  of  carbon  dioxide  from  the  air. 
Although  the  change  in  the  reaction  of  the  inoculated  medium  is  not 
so  strikmg  on  the  alkaline  side  as  on  the  acid  side  of  neutraUty,  the 
organism  shows  a  decided  tendency  to  increase  the  hydrogen-ion 
concentration  toward  the  optimum.  Part  of  this  increase  evidently 
is  due  to  absorption  of  carbon  dioxide  from  the  air,  but  here  again 
the  change  m  the  inoculated  flasks  is  greater  than  in  the  uninoculated 
ones,  indicating  that  the  fungus  itself  changes  the  reaction  of  the 
medium.  Ihese  results  are  similar  to  those  obtained  by  Scott  {13) 
with  l^usanum  lycopersici,  and  by  Anderson  (1)  with  F.  lini. 
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In  studies  of  the  carbon  metabolism  on  glucose,  the  change  in  pH 
was  followed  at  intervals  over  a  considerable  period  of  growth.  In 
all,  four  studies  were  made,  and  in  every  case  the  pH  value  of  the 
medium  was  increased  to  about  7.0.  There  was  no  initial  decrease, 
as  Luz  (7)  observed  in  his  work  with  Fusarium  lycopersici,  and  as 
Anderson  (1)  found  with  F.  lini.  The  pH  value  of  an  8-months-old 
culture  of  F,  lycopersici,  which  was  used  in  testing  for  organic  acids, 
was  7.3,  showing  that  the  fungus  will  change  the  reaction  of  the 
medium  from  acid  to  alkaline  if  allowed  to  grow  long  enough.  Luz 
(7)  ascribes  the  increase  in  pH  to  7.5,  as  observed  by  him,  to  the 
preferential  absorption  of  nitrate  ions  from  ammonium  nitrate  in  the 
medium,  with  the  concurrent  liberation  of  ammonium  ions. 

CARBON  METABOLISM  ON  GLUCOSE 

Although  four  studies  (series)  were  made,  the  results  of  only  the  last 
will  be  presented  in  detail  as  it  is  representative  of  the  other  three 
(table  1  and  fig.  3).     Since  in  the  first  series  the  total  recovery  of  the 
original  carbon  decreased  to 
less   than   50    percent   as 
growth  progressed,   it   was 
thought   that   the  fungus 
might  produce   some  com- 
pounds other  than  the  ones 
being  determined.    Accord- 
ingly,   two    new    methods 
were   introduced   in   the 
subsequent  series.     It  was 
suggested  that  some  of  the 
undetermined  carbon  might 
be  in  the  form  of  gaseous  or 
volatile    compounds   which 
would    be  lost   during   the 
aeration  of  the  cultures  for 
carbon  dioxide.     To  test 
this  hypothesis,  a  combus- 
tion   tube  and  a  barium 
hydroxide  tower  were  intro- 
duced  into   the  aeration 
train.   By  means  of  this  tech- 
nique, the  results  of  w^hich 
are  given  as  ''Combustion'' 
in  table  1  and  figure  3,  an 
amount  of  carbon  represent-  ^^^^ 

ing    about    2    percent  of   the     ^^^^^^  ,^_j,,,,,,^,,;on  of  metabolic  products  of  Fusarium 
original     carbon     was     O  D-  lycoperstci  when  grown  on  glucose.  See  table  1. 

tained,  thus  showing  that  a  i        i  u.r  F.i^nro^im 

small  amount  of  volatile  organic  compounds  is  produced  by  Fusanum 

ly  coper  sici. 
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Table  l,—Distrihution  of  metabolic  products  of  Fusarium  ly coper sici  on  a  oIucosm 

medium  at  various  stages  of  growth 


Age  of  culture 
(days) 


Mycelium 


Weight 


0 

8 

15 

22 

29 

37 

43 

49 

66 

60 


Oram 

'b'm 

.230 
.307 
.347 
.383 
.385 
.341 
.366 
.365 


Weight 

of 
carbon 


Carbon 


Gram    Percent 


0.081 
.110 
.140 
.169 
.177 
.176 
.143 
.147 
.156 


45.88 
47.79 
45.62 
48.56 
46.26 
45.91 
41.63 
40.00 
42.67 


Carbon 
as  related 
to  initial 
carbon  i 


Carbon  dioxide 


Percent 
4.70 


Nitro- 
gen 


Percent 


5. 
7. 
7. 
7. 
6. 


98 
20 
58 
54 
12 


6.26 
6.65 


3.62 
3.22 
33 
27 
03 
00 
68 


Weight 

of 
carbon 


Carbon 
as  related 
to  initial 
carbon  i 


Ethyl  alcohol 


3.38 
3.62 


Gram 

'b'm 

.213 
.341 
.446 
.502 
.549 
.547 
.574 
.575 


Percent 

2."97 
9.08 
14.55 
19.55 
21.46 
23.45 
23.36 
24.55 
24.58 


Carbon 

in 
300  ml 


Age  of  culture 
(days) 


Glucose 


Carbon 

in 
300  ml 


Carbon 
as  re- 
lated to 
initial 
carbon ' 


Gram 

'0.'075 
.374 
.712 
.890 
.825 
.841 
.706 
.644 
.612 


Lead  precipi- 
tate 


Weight 

of 
carbon 


Carbon 
as  re- 
lated to 
initial 
carbon  i 


Carbon 
as  related 
to  initial 

carbon » 


Percen  . 

3.'20 
15.96 
30. 44 
38.01 
35.76 
35.96 
30.73 
27.32 
26.11 


Combustion 


Residual  car- 
bon in  filtrate 


Weight 

of 
carbon 


Carbon 
as  re- 
lated to 
initial 
carbon  i 


Weight 

of 
carbon 


Carbon 
as  re- 
lated to 
initial 
carbon » 


Total 
recov- 
ery of 
carbon 
as  re- 
lated to 
initial 
carbon' 


PH 


Percent 
100.0 
98.0 
90.0 
85.0 
83.0 
80.0 
77.0 
72.0 
70.0 
70.0 


4.4 
4.7 
5.2 


5. 
5. 
6. 
6. 
6. 
6. 


6.9 


Expressed  as  percentage  of  the  carbon  in  the  glucose  originally  present 


fr^^f  ^/"^%^.  ''^'^''^  ?''  tlie  recovery  of  carbon,  an  aliquot  of  the  filtrfl  tp 
from  the  orignial  cultures  was  analyzed  for  total  cibonbvth^^^^ 

Sos'e 'r d"T"7'-     '^'".  'r  ''  "^^  ^-bon  in  the  i^    Jesidud 
firhorf^  ^^  ^f^  P^^?Pitate  was  then  subtracted  from  this  total 
carbon    givmg  the  undetermined,  or  residual  carboii  in  th^  rflfn  f 
A  maximum  of  8.7  percent  of  the'origiri  carbo^^^^^^^ 

glucose  has  ^been  eS  >?t  J^wt  -^  T*^  *^^"  T-^f  '"'^P'^'^  "«*"  the 
carbon  d  axicirLduSn  coSn^,  l"^'''"^'"'  fairly  rapidly.  Since 
of  the  glucosriK  ev^wX/T  ^^  ."^<^''?ase  ^fter  the  consumption 
alcoholV  energy  and  1?^^^^^^^  2/cop.ma  can  utilize  ethyl 

results  obtained  by  AndersonTnwilF'?-^'^^*'  are  m  accord  with  the 
in  the  alcohol,  as  ^^{'^sZZ^l  TL'tai^^lX^lltl  H^ 
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not  as  rapid  as  he  found  it  to  be.  Anderson,  Everitt,  and  Adams  (8) 
found  that  F.  oxysporum  was  able  to  utilize  ethyl  alcohol  as  a  source  of 
carbon  to  only  a  slight  extent.  In  this  connection  the  recent  work  of 
Luz  (7)  should  be  mentioned.  He  found  that  F.  lycopersici,  when 
grown  on  a  medium  containing  5  percent  of  glucose,  produced  alcohol 
rapidly  until  the  glucose  was  exhausted  on  the  eighteenth  day  of 
growth,  when  the  alcohol  was  used  at  a  rapid  rate  until  it  was  finally 
exhausted  on  the  thirty-fifth  day  of  growth.  Since,  in  the  present 
study,  a  considerable  amount  of  alcohol  was  present  in  the  medium 
after  60  days'  growth,  it  is  obvious  that  the  rate  of  metabolism  of  the 
strain  of  F.  lycopersici  used  by  him  was  much  greater  than  that  of  the 
strain  employed  in  this  investigation.  However,  his  mineral  nutrient 
solution  w^as  10  times  as  concentrated  as  the  one  used  in  the  present 
work. 

The  lead  precipitate  is  significant  because  it  is  nearly  constant, 
although  representing  only  a  small  fraction  of  the  original  carbon. 
Evidently  Fusarium  lycopersici  produces  only  small  amounts  of  organic 
acids,  the  lead  salts  of  which  are  insoluble.  Anderson  (!)  also  found 
that  only  small  amounts  of  these  acids  were  produced  by  F.  lini. 

The  residual  carbon  in  the  filtrate  increases  rather  rapidly  until  the 
glucose  is  practically  exhausted,  and  then  decreases.  Since  this 
decrease  is  at  a  somewhat  more  rapid  rate  than  the  corresponding 
decrease  in  alcohol  and  in  the  total  carbon  in  the  filtrate,  it  is  evident 
that  the  fungus  utilizes  this  carbon  more  easily  than  it  does  ethyl 
alcohol.  As  old  cultures  have  an  esterlike  odor  resembling  that  of 
apricots,  it  is  possible  that  this  residual  carbon  is  represented  by  some 
organic  acids  which  were  not  determined  by  any  of  the  methods  used. 

The  amount  of  volatile  compounds  determined  by  combustion  shows 
a  gradual  increase  during  the  entire  growth  period.  The  highest  value 
was  obtained  in  the  last  series  at  60  days,  when  6.1  percent  of  the 
original  carbon  was  in  this  form.  At  least  a  part  of  this  carbon  may  be 
in  the  form  of  volatile  acids,  since  in  subsequent  experiments  a  small 
amount  of  these  acids  was  found  in  old  cultures  of  the  organism. 

The  changes  in  the  pH  of  the  medium  with  growth  are  practically 
uniform  in  all  series  and  the  final  pH  is  nearly  the  same  in  all  series, 
being  w^ell  within  the  optimum  range  for  growth.  Luz  (7)  found  that 
he  could  divide  the  growth  of  Fusarium  lycopersici  into  four  stages  on 
the  basis  of  the  pH  changes  during  growth,  but  no  such  periods,  or 
'^breaks,''  in  the  pH  curves  were  obtained  in  this  work.  Anderson  (i) 
observed  that  F.  lini  first  decreased  the  pH  of  the  medmm  and  tiien 
gradually  increased  it,  the  final  value  depending  on  the  mitial  pH  of 
the  medium. 

QUALITATIVE  TESTS  FOR  ORGANIC  ACIDS 

The  filtrate  from  an  8-months-old  culture  of  Fusarium  lycopersici 
was  distilled  from  acid  solution,  and  the  distillate  titrated  with 
standard  alkali.  An  amount  of  volatile  acid  equivalent  to  about  4.0  ml 
of  normal  acid,  or  0.24  g  of  acetic  acid,  was  obtained,  ihe  residue 
from  the  distillation  was  tested  for  oxalic  acid  by  the  usual  precipita- 
tion as  calcium  oxalate.  Since  there  was  obtained  a  white  precipitate 
which  decolorized  potassium  permanganate  in  sulphuric  acid  solution, 
it  was  concluded  that  oxalic  acid  was  formed  m  small  amounts,  thus 
confirming  the  findings  of  Luz  (7).  A  doubtful  test  for  tartaric  acid 
was  also  obtained. 
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COMPOSITION  OF  MYCELIUM 

The  data  for  the  percentage  of  carbon  and  of  nitrogen  in  the  myce- 
Uum,  calcidated  on  the  dry  weight  of  mycehum,  are  given  in  the 
column  headed  ''Mycehum"  in  table  1.  There  is  a  tendency  for  the 
carbon  content  of  the  mycelium  to  decrease  with  age,  a  change 
exactly  opposite  to  that  found  for  Fusarium  lini  (1)  and  for  F.  oxys- 
pornm  (3). 

In  general,  the  nitrogen  in  the  mycelium  tends  to  decrease  sHghtly 
with  age,  indicating  that  old  cultures  contain  less  active  protoplasm 
than  fresh  cultures.  These  results  agree  wdth  those  obtained  for 
Fusarium  lini  (1). 

Carbohydrates  contain  about  40  percent  of  carbon,  proteins  51 
to  55  percent,  and  a  typical  fat  such  as  tristearin  76.87  percent 
During  the  first  43  days  of  growth  the  carbon  content  of  the  mycehum 
rfinged  from  45.62  to  48.56  percent.  During  the  final  stages  of  growth 
the  carbon  content  of  the  mycehum  dropped  to  between  40  00  and 
42.67  percent.  Since  the  percentage  of  nitrogen  in  the  mycehum 
decreased  together  with  the  percentage  of  carbon  it  appears  that  the 
carbohydrate  content  of  the  mycelium  was  increasing  with  age 
There  was  no  evidence  of  fat  formation,  as  was  the  case  with  Fusarium 
lim  (i)  and  r.  oxj/sporum  (3). 

RATIO  OF  PRODUCTS  OF  METABOLISM  TO  ONE  ANOTHER  AND  TO 

THE  GLUCOSE  CONSUMED 

Various  coefTicients  and  equivalents  have  been  introduced  into  the 
literature  to  express  the  relationships  existing  among  the  products  of 
metabolism  and  the  compounds  consumed  by  a  fungus.  A  number  of 
these  ratios  have  been  calculated  for  each  series  of  experiments  in 
the  present  investigation;  the  ones  for  the  last  series  are  presented  in 
table  2.  lo  avoid  confusion,  the  exact  meaning  of  each  ratio  is 
given  at  the  top  of  each  column. 

The  respiration  coefficient  represents  the  grams  of  carbon  dioxide 
produced  per  gram  of  dry  mycelium.  There  is  an  increase  in  this 
ratio  with  age  up  to  a  certain  point,  and  then  a  shght  decrease,  this 
point  usually  coinciding  with  the  exhaustion  of  the  glucose  and  the 
begmnmg  of  the  utilization  of  ethyl  alcohol.  Evidently  Fusarium 
lycopersici  is  able  to  use  ethyl  alcohol  better  for  mycelium  building 
than  as  a  source  of  energy.  F  lini  (1)  and  F  oxysporum  (3)  showed 
a  steady  increase  in  this  ratio. 

Table  2.— Quantitative  relritionships  existing  between  the  various  metabolic  products 
oJ  tusarium  lycopersici  when  grown  on  a  glucose  medium 


Ape  of 
culture 
(days) 


8.. 
l/) 
22 
29 
37. 
43. 
49. 
56. 
60. 


Respiration 
coefficient: 

Weight  of  COa 

Weight  of 
mycelium 


2.08 
3.39 
4.07 
4.72 
4.83 
.5.22 
5.88 
5.76 
5.77 


Economic 

Respiration 

coefficient: 

equivalent: 

Weight  of  sugar 

Carbon  of 

consumed 

CO2XIOO 

weight  of 

carbon 

niycelium 

consumed 

6.83 

20.60 

12.  46 

18.50 

14.42 

19.25 

16.02 

20.10 

If).  2;i 

21.56 

15. 19 

23.46 

17.15 

23.37 

16. 00 

24.  52 

16.04 

24.  60 

Plastic 
equivalent: 

Carbon  of 
mycelium  X 100 

carbon  of  glucose 
consumed 


Alcohol 
equivalent: 

Carbon  of 
alcohol  X 100 

carbon  of  glu- 
cose consumed 


24.72 
9.57 
7.92 
7.59 
7.59 
7.64 
6.11 
6.22 
6.66 


22.70 
32.49 
40.  20 
40.70 
35. 40 
35.  95 
30.15 
27.48 
26.17 


Carbon  of 
alcohol 

Carbon  of 
COa 


1.10 
1.76 
2.09 
2.00 
1.64 
1.53 
1.29 
1.12 
1.07 


Similar  changes  take  place  in  the  economic  coefficient,  which  is 
the  amount  of  carbon  source  required  to  make  1  g  of  dry  mycelium 
the  ratio  increasing  to  a  maximum  and  then  decreasing  as  the  fungus 
changes  from  glucose  to  alcohol  as  a  building  material.  Fusarium  lini 
{1)  showed  similar  changes,  but  the  maximum  value  was  only  13.1, 
as  compared  with  17.15  in  the  case  of  F.  lycopersici.  Evidently  the 
former  organism  uses  carbon  sources  more  efficiently  than  the  latter. 
That  young  mycelium  is  more  efficient  in  sugar  consumption  than 
older  mycelium  is  illustrated  by  the  low  value  obtained  in  every  case 
for  the  first  growth  period,  usually  a  week  or  10  days. 

As  would  be  expected,  the  percentage  of  the  carbon  consumed  that 
is  transforrned  into  carbon  dioxide,  or  the  respiration  equivalent, 
increases  with  age  during  the  growth  of  the  fungus,  since  ethyl 
alcohol  is  used  as  a  source  of  energy  after  the  glucose  has  disappeared. 

The  plastic  equivalent  is  really  the  reciprocal  of  the  economic 
coefficient,  since  it  represents  the  percentage  of  the  glucose  consumed 
that  is  converted  into  mycelium.  As  would  be  expected,  it  shows 
reciprocal  changes,  decreasing  with  age  until  the  glucose  is  entirely 
used,  and  then  increasing  slightly.  These  changes  also  tend  to  show 
that  ethyl  alcohol  is  used  somewhat  more  efficiently  than  glucose  for 
mycelium  production. 

The  alcohol  equivalent  is  the  percentage  of  glucose  consumed  that 
is  converted  into  ethyl  alcohol.  The  changes  in  this  ratio  show  that 
Fusarium  lycopersici  utilizes  ethyl  alcohol  after  it  has  used  all  the 
glucose,  since  the  values  increase  until  the  point  at  which  the  glucose 
is  exhausted  is  reached,  after  wliicli  they  decrease  markedly. 

In  the  last  column  of  table  2  the  ratio  of  the  carbon  in  alcohol  to 
the  carbon  in  carbon  dioxide  is  given.  In  a  typical  alcoholic  fermen- 
tation the  ratio  of  carbon  in  alcohol  to  carbon  in  CO2  is  2:1.  Table  2 
shows  that  the  experimentally  determined  ratio  approaches  very 
closely  the  theoretical,  and  is  exactly  2.00  on  the  day  of  maximum 
alcohol  production.  Because  of  the  utilization  of  the  alcohol  by  the 
fungus,  the  ratio  decreases  to  1.07:1  on  the  sixtieth  day  of  growth, 
indicating  that  about  25  percent  of  the  alcohol  is  changed  into  carbon 
dioxide.  The  actual  decrease  in  alcohol  is  over  30  percent,  the 
difference  being  accounted  for  by  the  growth  of  the  mycelium. 

UTILIZATION  OF  ETHYL  ALCOHOL 

Since  Fusarium  lycopersici  utiUzes  the  ethyl  alcohol  which  it  pro- 
duces from  glucose,  the  effect  on  the  growth  of  the  fungus  of  various 
concentrations  of  ethyl  alcohol,  both  alone  and  in  the  presence  of  the 
same  concentration  of  glucose  that  was  used  in  the  preceding  work, 
was  studied.  Two  series  of  26  flasks  each  were  used,  each  llask  in 
one  series  containing  100  ml  of  mineral  nutrient  medium  without 
glucose,  and  each  flask  in  the  other  series  containing  the  same 
amount  of  medium  with  enough  glucose  added  to  make  an  approxi- 
mately 2-percent  glucose  solution.  The  exact  amount  of  glucose 
was  not  determined,  but  was  assumed  to  be  the  same  in  all  flasks  con- 
taining it,  since  the  medium  for  each  flask  was  measured  from  one  large 
lot.  To  24  flasks  from  each  series,  amounts  of  95  percent  ethyl 
alcohol  varying  from  0.2  to  6.0  ml  were  added  after  sterilization. 
Two  flasks  were  used  as  controls,  no  alcohol  being  added.     After  10 
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days  growth,  the  mycelium  was  removed  by  filtration  and  dried  to 
constant  weight  at  100°  C.     The  results  are  presented  in  figure  4. 

In  low  concentrations,  ethyl  alcohol  is  a  good  source  of  carbon  for 
Fusarium  lycopersici.  The  fungus  will  grow  slightly,  even  in  concen- 
trations as  high  as  4.90  g  per  100  ml  of  solution.  That  maximum 
growth  occurred  at  a  concentration  of  0.41  g  per  100  ml  is  significant, 
as  the  maximum  amount  of  alcohol  produced  by  the  fungus  in  any  of 
the  studies  of  the  glucose  metabolism  was  0.57  g  per  100  ml.     The 

limiting  value  for  maxi- 
mum growth  is  apparently 
between  these  two  figures. 
These  results  compare  fa- 
vorably with  those  of 
Anderson  (i),  who  obtained 
maximum  growth  of  F.  lini 
at  an  alcohol  concentration 
of  0.38  g  per  100  ml.  A 
concentration  of  3.59  g  per 
100  ml,  however,  inhibited 
completely  the  growth  of 
this  organism. 

As  was  expected,  growth 
was  generally  heavier  in  the 
flasks  containing  glucose  in 
addition  to  alcohol,  although 
the  two  growth  curves  tend 
to  parallel   each  other. 
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alcohol  have  a  stimulating 
effect  on  the  growth  of  the  fungus  on  glucose  is  evidenced  by 
the  fact  that  the  weight  of  mycelium  produced  on  the  solution  con- 
taining 0.16  g  of  alcohol  is  significantly  greater  than  that  on  the 
glucose  solution  alone.  As  the  amount  of  alcohol  increases,  however, 
the  weight  of  mycelium  decreases  until,  at  a  concentration  of  4.90  g 
per  100  ml,  less  mycelium  is  produced  than  on  a  solution  containing 
4.08  g  of  alcohol  and  no  glucose. 

DISCUSSION  OF  RESULTS 

Fusarium  lycopersici  is  as  tolerant  to  extremes  of  hydrogen-  and 
hydroxyl-ion  concentration  as  F.  lini,  and  the  optimum  pH  value  for 
growth  is  practically  the  same  for  both  organisms.  F.  lycopersici  is 
apparently  better  able  to  change  the  pH  of  strongly  acidic  solutions 
toward  the  optimum  value  than  is  F.  lini.  In  view  of  the  ability  of 
the  organism  to  grow  over  such  a  wide  range  of  pH  values,  it  would 
not  appear  feasible  to  attempt  to  control  the  Fusarium  wilt  of  tomatoes 
by  adjusting  the  pH  of  the  soil,  although  Sherwood  {14)  found  that 
there  was  a  greater  percentage  of  infection  of  tomato  seedlings  by  the 
fimgus  in  acid  soils. 

The  results  of  the  work  on  the  carbon  metabolism  of  Fusarium 
lycopersici  on  glucose  indicate  that  this  organism  produces,  in  addition 
to  ethyl  alcohol  and  carbon  dioxide,  appreciable  quantities  of  volatile 
and  nonvolatile  compounds,  part  of  which  was  determined  by  new 


methods.  Because  of  the  striking  esterlike  odor  of  old  cultures,  it  is 
thought  that  fatty  acids  comprise  an  appreciable  portion  of  these 
compounds,  although  attempts  to  identify  these  acids  were  unsuccessful. 

The  production  of  these  compounds  is  an  essential  point  of  distinc- 
tion between  this  organism  and  Fusarium  lini  and  F.  oxysporum.  In 
the  work  with  these  last  two  fungi  over  90  percent  of  the  original 
carbon  could  be  accounted  for  in  the  ethyl  alcohol,  carbon  dioxide, 
and  mycelium,  whereas  in  the  present  study  the  maximum  percentage 
of  the  original  glucose  that  could  be  recovered  in  the  form  of  these 
three  products  was  less  than  70  percent.  This  difference  in  the  per- 
centage recovery  probably  is  due  to  actual  differences  in  the  biological 
characteristics  of  the  organisms  and  not  to  faulty  technique. 

Another  biochemical  difference  between  the  three  species  of  Fusaria 
under  discussion  appears  in  the  carbon  content  of  old  mycelia.  In 
Fusarium  lycopersici  the  carbon  content  of  the  mycelium  approaches 
that  of  a  carbohydrate,  whereas  with  F.  lini  and  F.  oxysporum  there 
is  an  indication  of  fat  deposition  with  age. 

The  course  of  the  alcoholic  fermentation  caused  by  Fusarium 
lycopersici  is  practically  the  same  as  that  of  F.  lini  and  of  F.  oxysporum^ 
alcohol  and  carbon  dioxide  being  produced  in  approximately  the  same 
proportions  by  all  three  fungi.  The  amount  of  alcohol  produced  by 
F.  lycopersicij  however,  was  somewhat  less  than  that  produced  by  the 
other  two  organisms.  The  maximum  quantity  obtained  in  this  work 
was  1.7  g,  as  compared  with  2.1  to  2.2  g  in  the  other  investigations. 

No  attempts  were  made  to  discover  the  substances  that  are  toxic 
to  tomato  plants.  It  does  not  seem  likely,  however,  that  the  organism 
produces  alcohol  in  sufficient  quantity  to  account  for  its  wilting  effect, 
as  the  maximum  concentration  obtained  in  these  studies  was  0.57  g 
per  100  ml,  and  Luz  (7)  found  that  tomato  plants  were  not  wilted 
when  placed  in  alcohol  solutions  containing  2  g  per  100  ml.  White 
{17)  found  that  tomato  cuttings  were  not  wilted  by  concentrations 
of  alcohol  up  to  4  percent  by  volume,  but  that  the  low  molecular 
weight  fatty  acids  and  oxalic  acid  were  highly  toxic  in  concentrations 
of  only  0.06  percent.  Concentrations  of  alcohol  of  4  percent  or  more 
inhibited  the  growth  of  the  fungus,  even  in  the  presence  of  glucose, 
which  is  presumably  an  easily  assimilable  form  of  carbon ;  hence  it  is 
not  likely  that  the  concentration  of  alcohol  in  the  tissues  of  the 
infected  plant  would  become  great  enough  to  cause  wilting  and  death 

of  the  plant. 

SUMMARY 

Fusarium  lycopersici,  the  organism  which  causes  tomato  wilt,  is 
not  sensitive  to  extremes  of  hydrogen-ion  and  hydroxyl-ion  concen- 
tration.    It  will  grow  on  artificial  media  at  pH  values  between  1.88 

and  11.06.  xj  o  a 

The  range  for  good  growth  is  also  wide,  extendmg  from  pM  ^.u 

to    pH    9.5.  T_  TT        f   U     4.1, 

The  organism  shows  a  decided  tendency  to  change  the  pH  of  bottx 
acid  and  alkaline  media  toward  the  optimum  value,  the  final  pH  m 
five  cases  varying  only  between  pH  4.25  and  pH  4.95. 

The  principal  products  of  the  metabolism  of  the  organism  on  glucose 
are  carbon  dioxide  and  ethyl  alcohol,  but  considerable  quantities  of 
other  compounds,  presumably  volatile  and  nonvolatile  orgamc  acids, 
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are  formed  as  well.  Some  of  the  carbon  in  these  unknown  compounds 
was  determined  by  means  of  new  procedures. 

The  ratio  of  the  carbon  in  alcohol  to  carbon  in  carbon  dioxide  is 
very  nearly  that  required  by  the  equation  for  a  typical  yeast  fer- 
mentation. Because  of  the  consumption  of  the  alcohol  by  the  fungus 
during  the  later  periods  of  growth,  however,  this  ratio  gradually 
decreases  with  the  age  of  the  culture. 

Fusarium  lycopersici  definitely  uses  the  ethyl  alcohol  that  it  produces 
for  energy  and  growth  as  soon  as  the  glucose  in  the  solution  has 
been  exhausted.  That  it  uses  the  alcohol  somewhat  more  efficiently 
than  the  glucose  is  evidenced  by  the  slow  decrease  in  the  plastic  equiv- 
alent while  the  organism  is  using  glucose  and  the  sudden  increase  in 
this  ratio  when  alcohol  becomes  the  carbon  source. 

Ethyl  alcohol  will  serve  as  the  sole  carbon  source  for  Fusarium 
lycopersici,  maximum  growth  being  obtained  on  a  concentration  of 
alcohol  approximating  the  maximum  amount  produced  by  the  fungus 
on  a  glucose  medium.  Concentrations  of  alcohol  of  4  percent  by 
volume  or  more  seriously  inhibited  the  growth  of  the  fungus.  A  small 
amount  of  alcohol  (0.2  percent)  stimulated  mycelium  production  on 
a  glucose  medium,  whereas  concentrations  of  5  percent  by  volume 
or  more  inhibited  growth. 
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SEVERAL  methods  have  appeared  in 
the  standardization  of  2,6-(iichlorophen 
tion  as  used  in  the  chemical  method  for  th 
ascorbic  acid.  Basically  these  methods  all 
ardization  of  lemon  juice  or  a  solution  of  as 
a  standard  iodine  solution,  followed  by  tl 
of  the  dye  against  either  the  lemon  juic 
acid  solution. 

There  are  several  objections  to  the  use 
Among  these  are  the  instability  of  the  'u 
necessity  of  preparing  fresh  lemon  juice  or 
solution  every  day,  the  problem  of  int< 
when  lemon  juice  is  used,  and  the  diflfi 
countered  in  obtaining  a  satisfactory  end 

The  method  presented  here  is  designe 
disadvantages. 

For  the  purpose  of  this  study,  dye  solu 
asfoUows: 

The  desired  quantity  of  dye  (35  to  70  mg. 
tion)  is  placed  in  a  small  beaker  and  succes 
water  are  added.  After  each  addition  of  \ 
decanted  through  a  filter  into  a  volumetric 
the  dye  has  been  dissolved  the  filter  is  washes 
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Standardization  of  2,6-Dichloropbenolindophenol 

An  Improved  Method 

M.  H.  MENAKER  AND  N.  B.  GUERRANT 
Department  of  Agricultural  and  Biological  Chemistry.  The  Pennsylvania  State  CoUege,  State  College,  Pa. 

SEVERAL  methods  have  appeared  in  the  literature  for 
the  standardization  of  2,6-dichlorophenolindophenol  solu- 
tion as  used  in  the  chemical  method  for  the  determination  of 
ascorbic  acid.  Basically  these  methods  aU  requnre  the  stend- 
ardization  of  lemon  juice  or  a  solution  of  ascorbic  acid  against 
J  standard  iodine  solution,  foUowed  by  the  standardization 
olTedye  against  either  the  lemon  juice  or  the  ascorbic 

"¥lS:a"severaI  objections  to  the  use  of.  such  a  method^ 
Among  these  are  the  instabiUty  of  the  lodme  solution,  the 
n^e^Uy  oTpreparing  fresh  lemon  juice  or  fresh  ascorbic  acid 
SutS?eve?y  day,  the  problem  of  interfering  substenc^ 
when  lemon  juice  is  used,  and  the  difficulty  at  tunes  en- 
Prtiintpred  in  obtaining  a  satisfactory  end  pomt. 
Tt  methodTresented  here  is  designed  to  mimmize  these 

'lorXTpose  of  this  study,  dye  solutions  were  prepared 
as  follows: 

The  desired  quantity  ?/ dye  (35  to  70  mg^  per  IWmljf  solu- 
tion) is  placed  in  ^Xr^achl^^ttoror^X  The  solution  is 

Erlenmeyer  flask,  0.5  to  1.0  ?['^,f^P^*^^Xand,  after  shaking 
1.0  ml.  of  dilute  sulfuric  acid  (1  to  4)  f««  ?^«?'^y  '  the  liberated 

L°dSn^^rl^d°Sh*oTir\'o^^^^^^^  '^ing  the  usual 

^fh^te^I^tabUshed  that  l^\oiO.OlNM^esoi.i^-  is 
equivalent  to  0.88  mg.  of  ascorbic  ^^'^^  ^^''bS^  *» 

i%  S.iltZ^^^tS'  TKLttotd^o  bSthe  case. 


TTi^.rP  1  reoresents  the  data  obtained  by  titrating  different 
coSatiSTth?dyesolutionagainstlemonjuice,ascorbic 

acid,  and  sodium  thiosulfate. 

Discussion 


40         45         50         5S 

M6.  DYtPE»»  100  Ml.  Solution 

Figure  1 


the  method  of  least  squa.es  to  determine  the  best  straight 
line  for  each  series  of  points. 

For  titration  against  jemon^^nce,  _  ^^. 

For  titration  agaii^t^ascorbic  acid^  ^^^ 

For  titration  against^sodimn  «iiosulfate, 
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It  is  interesting  to  note  that  the  y  intercept  of  the  curve 
representing  titrations  against  sodium  thiosulfate  is  zero. 

The  chief  advantages  of  the  proposed  method  are:  The 
sodium  thiosulfate  solution  renuuns  stable  after  it  has  once 
reached  equiUbrium;  the  end  point  of  the  titration  is  sharp 
as  contrasted  to  the  blue-to-pink-to-colorless  end-point  change 


observed  in  the  previous  methods;  and  since  standard  sodium 
thiosulfate  solution  is  normally  required  as  a  check  on  the 
standard  iodine  solution  used  in  either  of  the  other  methods, 
the  need  for  one  of  the  usual  standard  solutions  (the  iodine 
solution)  has  been  eliminated. 
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A^3,  A  Bacteriological  Study  of  the  Bulk  Fermentation  of  Cigar  Leaf 
Tobacco.  D.  W.  McKinstry,  D.  E.  Haley  and  J.  J.  Reid, 
Pennsylvania  Agricultural  Experiment  Station,  State  College, 

Pa. 

A  study  has  been  made  of  the  bulk  fermentation  of  cigar  leaf  tobacco 
in  the  warehouses  of  a  manufacturer.  Plate  counts  of  fungi  and  bac- 
teria were  made  daily  and  isolations  of  predominant  types  were  classified 
and  studied.  The  fermentation  of  more  than  one  hundred  tons  of 
tobacco,  representing  the  products  of  all  the  important  cigar  leaf  dis- 
tricts in  the  United  States,  was  included  in  this  investigation. 

Plate  counts  of  tobacco,  made  previous  to  the  fermentation,  revealed 
from  2000  to  10,000  fungi  per  gram.  Viable  fungi  were  rarely  found 
foUowmg  the  bulking  of  the  tobacco.  Bacterial  plate  counts,  made 
previous  to  the  fermentation,  ranged  from  values  of  50,000  to  250,000. 
Following  the  water  treatment  of  the  tobacco  the  counts  ranged  from 
3,000,000  to  5,000,000  per  gram.  The  plate  counts  exceeded  1,000,000,- 
000  shortly  after  the  bulking  of  the  tobacco.  Direct  counts  increased 
from  500,000,000,  previous  to  the  water  treatment,  to  counts  in  excess  of 
10  000,000,000  per  gram  during  the  final  stages  of  the  fermentation. 

Variants  of  Bacillus  suUilis  were  found  to  be  the  predominant  organ- 
isms  in  a  satisfactory  fermentation  of  the  leaf.  Other  members  of  this 
genus  and  cocci  were  found  in  lesser  numbers. 
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Fishy  Flavor  and  Odor  in  Turkey  Meat 

D.  R.  Marble,  J.  E.  Hunter,  H.  C.  Knandel  and  R.  A.  Butcher 
The  Pennslvania  State  College,  State  College,  Pennsylvania 

(Presented  at  Annual  Meeting,  August  1937;  received  for  publication  August  12,  1937) 


THE  use  of  fish  liver  oils  and  fish  meals 
has  presented  a  problem  to  poultry 
producers  on  accoimt  of  fishy  flavor  im- 
parted to  the  meat.  They  are  important  in- 
gredients in  turkey  mashes  because  the  fish 
liver  oil  is  a  source  of  vitamins  A  and  D 
and  fish  meal  is  an  excellent  source  of  pro- 
tein. 

In  an  attempt  to  obtain  the  benefits  ac- 
cruing from  the  use  of  fish  oils  and  fish 
meals  and  at  the  same  time  avoid  unde- 
sirable flavors  it  has  been  the  practice  of 
many  growers  to  discontinue  the  use  of  fish 
meal  and  fish  oil  in  the  ration  for  some- 
time prior  to  marketing.  This  practice  neces- 
sitates a  greater  number  of  mash  mixtures. 
The  elimination  of  the  vitamin  D  oil  also 
may  cause  rachitic  symptoms  in  the  grow- 
ing turkeys  when  they  are  kept  in  confine- 
ment. 

Carrick  and  Hauge  (1926)  have  reported 
the  occurrence  of  fishy  flavors  in  chicken 
meat.  A  press  release  of  the  United  States 
Department  of  Agriculture  in  December, 
1936,  reported  fishy  flavors  in  turkey  and 
chicken  meat.  Hauge  and  Carrick  studied 
the  effect  of  cod  liver  oil  and  workers  in 
the  United  States  Department  of  Agricul- 
ture studied  the  effect  of  cod  liver  oil  and 
fish  meal  singly  and  in  combination.  In  the 
study  herein  reported  the  objective  was  to 
determine  (1)  the  effect  upon  flavor  and 
odor  of  cod  liver  oil  (not  U.S.P.)  and  white 
fish  meal  and  (2)  the  proper  time  to  dis- 
continue feeding  these  ingredients  in  ad- 


*  Authorized  for  publication  July  27,  1937  as 
paper  No.  779  in  the  Journal  Series  of  the  Penn- 
sylvania Agricultural  Experiment  Station. 


vance  of  slaughtering  in  order  to  prevent 
the  occurrence  of  fishy  flavor  and  odor  in 
the  meat. 

EXPERIMENTAL  PROCEDURE  AND  DATA 

Bronze  turkeys  were  used  in  this  study 
and  they  were  fed  on  the  following  turkey 
starter  for  eight  weeks. 

28  pounds  yellow  com  meal 
10  pounds  wheat  bran 
10  pounds  wheat  middlings 
10  pounds  ground  heavy  oats 

5  pounds  alfalfa  meal 
10  pounds  dried  skimmilk 
IS  pounds  meat  scrap 
10  ix)unds  fish  meal 

1  pound  salt 

1  pound  cod  liver  oil 

100  pounds  total 

At  eight  weeks  of  age  the  poults  were 
divided  into  four  groups  of  12  poults  each. 
Each  group  received  an  all  mash  ration  . 
containing  approximately  20  percent  pro- 
tein. Group  1  received  a  basal  ration  con- 
taining no  cod  liver  oil  or  fish  meal.  Group 
2  was  fed  a  similar  ration  except  that  1  per 
cent  of  a  poultry  grade  cod  liver  oil  assay- 
ing 100  U.S.P.  units  per  gram  was  added 
to'' the  mash.  Group  3  received  the  basal 
ration  without  cod  liver  oil  but  with  10 
percent  white  fish  meal  added  in  place  of 
meat  scraps.  Group  4  was  given  a  ration 
containing  1  percent  cod  liver  oil  and  10 
per  cent  fish  meal.  The  fish  meal  used  was  a 
vacuum  dried   white  fish  meal.  Table   1 
shows  the  composition  of  the  various  rations 

used. 

In  order  to  determine  the  length  of  time 
before  slaughtering  necessary  to  remove  the 
fish  meal  or  cod  liver  oil  from  the  ration 
three  birds  from  Groups  2,  3  and  4  were 
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Table  \.— Composition  of  experimental  rations 


Group  1 
Basal 


Group  2 
Basal  +  oil 


Group  3  Group  4 

Basal  +  fish        Basal  +  oil  and 
meal  fish  meal 


Yellow  Corn  Meal 

Wheat  Bran 

Wheat  Middlings 

Ground  Heavy  Oats 

Alfalfa  Meal 

Dried  Skim  Milk 

Meat  Scrap 

White  Fish  Meal 

Salt 

Ground  Limestone 

Cod  Liver  Oil 

(Poultry  grade  not  U.S.P.) 


31 
15 
15 
10 
5 
5 
17 

1 
1 


100 


30 
15 
15 
10 
5 
5 
17 

1 
1 
1 


100 


31 

15 

15 

10 

5 

5 

7 

10 
1 
1 


100 


30 

15 

15 

10 

5 

5 

7 

10 
1 
1 
1 


100 


taken  from  their  respective  pens  and  placed 
in  the  basal  group,  at  20,  24  and  26  weeks 
of  age.  This  procedure  gave  thirteen  feed- 
ing combinations.  When  the  birds  were  28 
weeks  of  age,  one  male  and  one  female  or  a 
total  of  twenty-six  birds  were  slaughtered 
and  cooked.  Each  bird  was  cooked  at  the 
same  temperature,  without  seasoning,  in  an 
individual  oven.  The  females  were  cooked 
on  one  day  and  the  males  were  cooked  one 
week  later. 


Nineteen  individual  tasters  cooperated  in 
the  scoring  of  the  birds  for  fishy  flavor  and 
odor.  The  treatment  of  the  birds  was  not 
disclosed  to  the  tasters  and  the  tasters  were 
asked  not  to  confide  their  observations  with 
others  until  after  the  score  sheets  were 
turned  in.  Both  men  and  women  partici- 
pated in  the  scoring.  The  tasters  scored  each 
bird  for  flavor  and  odor  and  listed  their 
reactions  as  none,  slight,  medium  or  strong. 
They  observed  odor  of  the  carcass  as  a 


Table  2.— Distribution  of  scores  made  by  19  observers  for  fishy  flavor  in  the  breast  meat  of 

carcasses  of  28-week  old  turkeys  . 


O         L         i*i         A*                 _ 

Period 
Experi- 
mental 
Ration 
Was  Fed 

Period 

Basal 

Ration 

Was  Fed 

Females 

Males 

Substitutions 

in  Basal 

Ration 

Degree  of  Fishy  Flavor 
Me- 
None     Slight     dium      Strong 

Degree  of  Fishy  Flavor 
Me- 
None     Slight      dium      Strong 

None 

Weeks 

Weeks 
9-28 

No. 
Scores 
18 

No. 

Scores 

1 

No. 
Scores 

No. 
Scores 

No. 
Scores 
19 

No. 
Scores 

No. 
Scores 

No. 

Scores 

1%  Cod  Liver 
Oil 

9-20 
9-24 
9-26 
9-28 

21-28 

25-28 
27-28 

19 
18 
15 
11 

1 
3 
5 

1 
2 

1 

19 
18 
19 
13 

1 
6 

10%  White 
Fish  Meal 

9-20 
9-24 
9-26 
9-28 

21-28 
25-28 
27-28 

19 
18 
14 
16 

1 

5 
3 

19 
19 
19 
19 

1%  Cod  Liver 
Oil  Plus  10% 
White  Fish 
Meal 

9-20 
9-24 
9-26 
9-28 

21-28 

25-28 
27-28 

18 

17 

4 

12 

1 
2 
9 
3 

5 
3 

1 
1 

19 
19 
10 
10 

8 
6 

1 
3 

Fishy  Flavor  in  Turkey  Meat 

whole  and  scored  the  breast  meat,  thigh 
meat  and  drippings  for  flavor.  Cutlery  was 
washed  with  hot  water  after  each  tasting 
and  the  tasters  ate  a  small  piece  of  dry 
bread  and  drank  a  small  amount  of  black 
coffee  in  order  to  remove  the  taste  from 
their  mouths  before  proceeding  with  the 
next  sample. 

It  was  originally  planned  to  score  the 
carcasses  immediately  after  removal  from 
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fish  meal  was  left  in  the  ration  until  slaugh- 
tering or  two  weeks  prior  to  slaughtering 
some  observers  noted  a  fishy  flavor  in  the 
breast  meat.  This  appeared  to  be  more 
serious  in  the  birds  fed  cod  liver  oil  than  in 
those  receiving  the  white  fish  meal.  A  more 
pronounced  taste  appeared  when  white  fish 
meal  and  cod  liver  oil  were  fed  in  com- 
bination. 

Table  3  presents  the  scores  made  for  fishy 


Table  Z.— Distribution  of  scores  made  by  19  observers  for  fishy  flavor  in  the  thigh  meat  of 

carcasses  of  28-week  old  turkeys 


Substitutions 

in  Basal 

Ration 


None 


Period 
Experi- 
mental 
Ration 
Was  Fed 


Weeks 


Period 

Basal 

Ration 

Was  Fed 


Females 


Degree  of  Fishy  Flavor 
Me- 
None      Slight     dium      Strong 


1%  Cod  Liver 
Oil 


10%  White 
Fish  Meal 


9-20 
9-24 
9-26 
9-28 


Weeks 
9-28 


1%  Cod  Liver 
Oil  Plus  10% 
White  Fish 
Meal 


9-20 
9-24 
9-26 
9-28 


21-28 
25-28 
27-28 


No. 
Scores 
17 


9-20 
9-24 
9-26 
9-28 


21-28 
25-28 
27-28 


15 

13 

11 

6 


No. 

Scores 

2 


No. 
Scores 


21-28 
25-28 
27-28 


17 
16 

7 
13 


4 
4 
5 
6 


13 
9 


2 
3 
10 
4 


1 
3 

5 


No. 
Scores 


4 
5 
6 

7 


2 

2 


1 
2 


1 
1 

5 
3 


1 
4 

8 

7 


Males 

Degree  of  Fishy  Flavor 

Me- 

None 

Slight      dium 

Strong 

No. 

No. 

No. 

No. 

scores 

Scores 

Scores 

Scores 

19 

19 

17 

2 

17 

2 

5 

7 

3 

4 

19 

17 

2 

16 

3 

14 

5 

16 

3 

8 

10 

1 

3 

6 

8 

2 

1 

4 

8 

6 

the  oven  and  then  again  a  few  hours  later 
when  the  carcasses  had  become  cold.  This 
was  done  with  the  female  carcasses  but  be- 
cause a  close  correlation  existed  between 
the  scorings  of  the  hot  and  cold  meat,  the 
male  carcasses  were  scored  only  when  hot. 
Table    2    presents    the    distribution    of 
scores  made  by  the  19  observers  on  the 
breast  meat.  A  relatively  small  number  of 
tasters  detected  a  fishy  flavor  in  the  breast 
meat  of  carcasses  of  the  turkeys  fed  1  per- 
cent cod  liver  oil  or  10  percent  of  white 
fish  meal  when  they  were  removed  from 
the  ration  four  weeks  prior  to  slaughtering. 
When,  however,  either  cod  liver  oil  or  white 


flavor  in  the  thigh  meat.  A  greater  degree  of 
fishy  flavor  was  observed  in  the  thigh  meat 
than  in  the  breast  meat.  This  is  apparent  in 
all  three  groups  which  received  a  substitu- 
tion in  their  mash  mixture.  However,  the 
tendency  for  one  percent  of  a  poultry  grade 
of  cod  liver  oil  to  give  a  more  pronounced 
fishy  flavor  than  a  10  percent  level  of  white 
fish  meal  is  observed  also  in  the  scoring  of 

the  thigh  meat. 

In  addition  to  tasting  a  portion  of  the 
breast  and  thigh  meat,  the  drippings  were 
tasted  on  a  glass  rod  dipped  into  the  fat 
rendered  from  the  birds  in  cooking.  The  dis- 
tribution of  the  scores  as  presented  in  Table 


52 


D.  R.  Marble  and  Others 


Fishy  Flavor  in  Turkey  Meat 


53 


Table  ^.—Distribution  of  scores  made  by  19  observers  for  fishy  flavor  in  the  drippings  of 

carcasses  of  28-week-old  turkeys 


Period 
Experi- 
mental 
Ration 
Was  Fed 

Period 

Basal 

Ration 

Was  Fed 

Females 

Males 

Substitutions 

in  Basal 

Ration 

Degree  of  Fishy  Flavor 
Me- 
None     Slight      dium     Strong 

Degree  of  Fishy  Flavor 
Me- 
None     Slight      dium     Strong 

None 

Weeks 

Weeks 
9-28 

No. 
Scores 
16 

No. 

Scores 

2 

No. 
Scores 

1 

No. 
Scores 

No. 
Scores 
17 

No. 

Scores 

2 

No. 
Scores 

No. 
Scores 

1%  Cod  Liver 
Oil 

9-20 
9-24 
9-26 
9-28 

21-28 
25-28 
27-28 

14 

12 

10 

2 

3 

5 
4 

8 

1 
2 
5 
4 

1 

5 

17 

15 

19 

2 

2 
4 

4 

8 

5 

10%  White 
Fish  Meal 

9-20 
9-24 
9-26 
9-28 

21-28 
25-28 
27-28 

16 

13 

3 

11 

3 
5 
9 
5 

1 
6 

2 

1 

1 

17 
14 
12 
11 

2 

5 
5 
3 

2 
4 

1 

1%  Cod  Liver 
Oil  Plus  10% 
White  Fish 
Meal 

9-20 
9-24 
9-26 
9-28 

21-28 
25-28 
27-28 

12 

7 

5 
4 
1 

5 

2 
7 
4 
4 

1 
14 
10 

13 
6 

6 
6 
3 
1 

5 
6 

5 

2 
10 
13 

4  showed  an  even  more  pronounced  fishy 
flavor  in  the  drippings  than  was  recorded 
for  the  breast  or  thigh  meat.  The  fishy 
flavor  became  very  pronounced  in  the  drip- 
pings from  carcasses  of  the  turkeys  fed  both 
cod  liver  oil  and  white  fish  meal.  The  fishy 


flavor  frequently  could  be  detected  in  the 
drippings  even  though  the  meat  was  devoid 
of  fishy  taste. 

When  both  white  fish  meal  and  cod  liver 
oil  were  eliminated  from  the  ration  eight 
weeks  prior  to  slaughtering,  the  fishy  flavor 


Table  5. — Distribution  of  scores  made  by  19  observers  for  fishy 

28-week-old  turkeys 

odor  in 

the  carcasses  of 

Substitutions 

in  Basal 

Ration 

Period 
Experi- 
mental 
Ration 
Was  Fed 

Period 

Basal 

Ration 

Was  Fed 

Females 

Males 

Degree  of  Fishy  Odor 
Me- 
None      Slight     dium     Strong 

Degree  of  Fishy  Odor 
Me- 
None      Slight     dium      Strong 

None 

Weeks 

Weeks 
9-28 

No. 
Scores 
14 

No. 

Scores 

5 

No. 
Scores 

No. 
Scores 

No. 
Scores 
19 

No. 
Scores 

No. 
Scores 

No. 
Scores 

1%  Cod  Liver 
Oil 

9-20 
9-24 
9-26 

9-28 

21-28 
25-28 
27-28 

14 

14 

11 

5 

4 
5 
3 
5 

1 

5 
5 

4 

17 

15 

17 

4 

2 
4 

1 
7 

6 

1 

2 

10%  White 
Fish  Meal 

9-20 
9-24 
9-26 
9-28 

21-28 
25-28 
27-28 

16 

16 

7 

13 

3 

3 

10 

4 

1 
2 

1 

18 
15 
12 
12 

1 
4 
7 
5 

1 

1 

1%  Cod  Liver 
Oil  Plus  10% 
White  Fish 
Meal 

9-20 
9-24 
9-26 
9-28 

21-28 
25-28 
27-28 

14 
9 

1 
3 

5 
5 
6 
6 

4 
4 

5 

1 

8 
5 

16 

11 

3 

2 

3 
4 

5 
3 

3 

7 
5 

1 
4 
9 

in  the  drippings  was  not  pronounced  al- 
though several  tasters  detected  it.  When 
these  materials  were  eliminated  from  the 
ration  two  weeks  prior  to  slaughtering  or 
fed  until  slaughtering  time  all  tasters  re- 
corded some  degree  of  fishy  flavor  in  the 
drippings. 

Table  5  presents  the  results  of  scoring  the 
carcasses  for  fishy  odor.  The  data  for  odor 
closely  correlated  those  for  flavor. 

DISCUSSION 

Since  other  taste  studies  have  shown  a 
wide  variation  in  the  taste  reaction  of  in- 
dividuals an  effort  was  made  to  use  as  many 
tasters  as  feasible.  The  studies  herein  re- 
ported also  show  a  wide  variation  in  the 
taste  reaction  of  individuals.  This  was  true 
with  both  men  and  women  tasters.   Per- 
haps some  individuals  imagined  that  they 
detected  the  flavor  of  fish  or  failed  to  prop- 
erly remove  the  previous  taste  by  use  of 
coffee  and  bread.  One  taster  reported  the 
flavor  of  fish  in  some  part  of  every  female 
carcass.  However,  she  reported  a  more  pro- 
nounced flavor  in  the  carcasses  identified  by 
others  as  carrying  the  fishy  flavor. 

More  pronounced  flavor  and  odor  were 
apparent  in  the  female  turkey  carcasses 
than  in  the  males.  This  probably  can  be 
explained  by  the  fact  that  when  the  turkeys 
were  removed  from  the  groups  receiving 
fish  meal  and  cod  liver  oil  and  placed  on  the 
basal  ration,  the  females  were  in  much  bet- 
ter flesh  than  the  males,  and  consequently 
carried  more  of  the  fat  soluble  factor  or 
factors  responsible  for  fishy  flavor  and  odor. 


SUMMARY 

Twenty-six  carcasses  of  turkeys,  which 
were  fed  cod  liver  oil,  fish  meal  or  both  for 
varying  periods  of  time,  were  roasted  in 
separate  ovens.  The  degree  of  fishy  flavor 
in  the  breast  meat,  thigh  meat  and  drip- 
pings and  the  odor  of  the  carcass  as  a 
whole  was  scored  by  nineteen  observers. 

Fishy  flavor  and  odor  were  observed  in 
the  roasted  carcasses  of  turkeys  28  weeks 
of  age  fed  either  1  percent  of  a  poultry 
grade  cod  liver  (not  U.S.P.),  10  percent  of 
vacuum  dried  white  fish  meal  or  both  dur- 
ing the  entire  growth  period.  The  combina- 
tion of  these  two  ingredients  in  the  mash 
produced  a  more  pronounced  flavor  and 
odor  than  when  fed  separately. 

Three  birds  were  removed  from  the 
groups  receiving  either  cod  liver  oil,  fish 
meal  or  the  combination  of  both  at  8,  4, 
and  2  weeks  prior  to  slaughter  and  placed 
in  the  group  receiving  the  basal  ration  con- 
taining neither  cod  liver  oil  nor  white  fish 
meal.  The  removal  of  both  cod  liver  oil  and 
white  fish  meal  from  the  diet  eight  weeks 
prior  to  slaughtering  time  practically  elimi- 
nated the  occurrence  of  both  fishy  flavor 

and  odor. 
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capacity,  about  15,400  lbs  (7,700  qts.,  1,925  gals.).  I  sup- 
pose tbat  one  would  have  been  recommended  to  churn  2,500  or 
3,000  liters  of  cream,  say  700  of  our  gallons  of  cream. 

The  cream  ripeners  exhibited  and  those  used  in  Europe  are 
almost  entirely  of  the  swinging  coil  type  with  the  bearing  above 
the  cream. 

There  were  exhibits  of  centrifugal  cream  separators,  much 
like  those  at  our  machinery  exhibition  at  Atlantic  City,  com- 
prising— 

Alfa  Separators  from  Sweden, 
Titan  Separators  from  Denmark,  and 
Westfalia  Separators  made  in  Germany. 

I  was  impressed  by  the  pains  taken  in  Sweden  and  Denmark 
to  see  that  the  butter  that  is  exported  from  those  countries  shall 
meet  very  high  standards.  Butter  that  is  not  made  of  proper 
materials,  or  that  is  below  standard  in  any  way,  cannot  bear  the 
State  Brands  required  for  export  butter.  I  was  also  surprised 
to  learn  of  a  new  law  recently  passed  in  Denmark,  requiring 
oleomargarine  to  contain  a  certain  amount  of  vitmin  ''A." 

I  greatly  appreciated  the  opportunity  of  attending  the  World's 
Dairy  Congress  and  meeting  and  talking  with  others  from  dif- 
ferent countries  and  learning  of  their  experiences. 


-hR{  189  }> 


RECENT  TRENDS  IN  VITAMIN  RESEARCH 

R  Adams  Butcher,  Ph.D. 

Vitamin  A 
Practically  every  one  connected  with  the  dairy  industry  is 
familiar  with  the  relatively  recent  discovery  that  the  orange 
yellow  pigment  known  as  carotene  is  the  parent  substance  or 
precursor  of  vitamin  A.  It  is  now  known  that  it  is  not  neces- 
sary for  animals  and  human  beings  to  ingest  foods  contammg 
vitamin  A  if  the  supply  of  this  pigment  (carotene)  is  present  m 
the  diet  in  sufficient  quantities.  It  is  possible  for  the  tissues 
of  the  body,  particularly  liver  tissues,  to  change  carotene  into 
vitamin  A  for  the  physiological  needs  of  the  body. 

This  discovery  has  stimulated  many  interesting  and  practical 
types  of  research  which  I  desire  to  mention  briefly.     After 
chemists  found  that  it  was  possible  to  prepare  pure  crystalline 
carotene  in  amounts  sufficient  for  experimental  work,  it  was 
discovered  that  this  pigment  possessed  properties  characteristic 
of  vitamin  A  when  fed  to  experimental  animals.    In  the  mean- 
time, the  organic  chemist  had  been  able  to  determine  the  exact 
chemical  structure  of  carotene.     Just  as  soon  as  this  informa- 
tion became  available,  the  organic  chemist  and  the  biological 
chemist  postulated  that  vitamin  A  must  be  chemically  related 
in  some  way  to  carotene.     It  was  not  long  before  the  chemist 
postulated  the  probable  structure  of  vitamin  A  and  predicted 
that  one  molecule  of  carotene,  C4oH56»  could  be  broken  down 
into  two  molecules  of  vitamin  A  with  the  formula  C20H29OH. 
It  has  been  found  that  there  are  several  carotene  pigments,  one 
of  which,  known  as  beta  carotene,  is  the  most  potent  since  it 
yields  the  largest  amount  of  vitamin  A  per  unit  of  weight. 
Within  the  past  two  years  the  organic  chemist  has  been  able  to 
synthesize  vitamin  A  in  the  chemical  laboratory,  proving  the 
correctness  of  the  above  mentioned  prediction.     It  is  now  pos- 

NoTE.— This  is  a  brief  abstract  of  an  informal   address   delivered  at  the   Annual 
Banquet  on  January   18,   1938. 


sible  to  write  the  chemical  formula  for  vitamin  A  with  the 
same  confidence  that  we  have  been  writing  formulae  of  many 
commonly  known  substances. 

It  has  been  known  for  many  years  that  the  principal  yellow 
pigment  in  cow's  milk  is  the  fat  soluble  carotene  which  is  ob- 
tained from  the  plant  materials  eaten  by  the  cow.     Since  caro- 
tene is  the  parent  substance  of  vitamin  A,  it  is  but  natural  to 
postulate  that  the  highly  pigmented  milks  from  Guernsey  and 
Jersey  cows  should  be  more  valuable  from  the  standpoint  of 
vitamin  A  content  than  the  milks  of  the  less  pigmented  breeds 
such  as  Holsteins  and  Ayrshires.     Our  cooperative  research 
work  with  Dr.  S.  I.  Bechdel  at  the  Pennsylvania  State  College 
has  shown  that  the  less  pigmented  breeds  ingest  just  as  much 
or  more  carotene  in  their  feed  but  deposit  less  of  this  pigment 
in  their  tissues  and  excrete  less  of  the  pigment  in  their  milk 
fat.    This  is  due,  apparently,  to  the  fact  that  the  less  pigmented 
breeds  have  greater  ability  to  transform  the  colored  carotene 
into  colorless  vitamin  A.    As  a  result  the  total  vitamin  potency 
of  butter  fat,  from  the  various  dairy  breeds,  varies  but  little. 
Butter  fat  from  the  pigmented  breeds  was  found  to  be  richer  in 
carotene  but  poorer  in  colorless  vitamin  A,  while  the  reverse 
was  true  for  the  less  pigmented  breeds.    Since  the  latter  changed 
greater   amounts  of   carotene  into  colorless  vitamin  A,  their 
milk  fat  is  less  pigmented  but  the  nutritional  value  of  the  fat 
has  not  changed,  since  the  carotene  has  been  transformed  to  the 
vitamin  A  which  is  needed  by  the  animal  body.    It  would  ap- 
pear, therefore,  that  the   so-called  pigmented  breeds  have  a 
limited  capacity  for  transforming  carotene  into  vitamin  A  and, 
as  a  result,  they  go  through  life  in  what  might  be  called  a  con- 
tinuous state  of  carotinemia.    Milk  from  the  pigmented  breeds 
tends  to  be  somewhat  richer  in  vitamin  A  potency  than  that  of 
the  less  pigmented  breeds,  since  the  average  per  cent  of  butter 
fat  is  somewhat  higher. 

Another  problem  which  has  confronted  the  worker  in  vita- 
min research  has  been  to  find  some  satisfactory  method  of  ex- 
pressing vitamin  A  potency  of  food  materials.  Since  it  was 
discovered  that  beta  carotene  could  be  prepared  in  pure  form 
it  was  suggested  that  this  might  make  a  suitable  material  against 
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which  all  food  materials  might  be  measured.    The  sub-commit- 
tee on  public  health  of  the  League  of  Nations  sponsored  sev- 
eral international  conferences  with  the  result  that  beta  carotene 
has  been  adopted  as  the  official  international  standard.     Less 
than  one-millionth  of  a  gram  (0.6  gamma)  of  pure  beta  caro- 
tene has  been  found  to  bring  about  certain  uniform  responses 
in  experimental  animals.     As  a  result  all  laboratories  now  use 
reference  groups   of   animals   which   receive   one   international 
unit  of  vitamin  A  in  the  form  of  beta  carotene.     Unknown 
foods  are  fed  to  other  animals  at  the  same  time  until  it  is  pos- 
sible to  find  that  amount  of  food  which  will  cause  experimental 
animals  to  respond  in  a  manner  similar  to  that  of  those  animals 
which  receive  one  unit  of  the  international  standard.     By  this 
method  it  is  possible  for  all  laboratories  over  the  world  to  ex- 
press the  vitamin  A  content  of  foods  in  the  same  terms.    These 
units  are  known  as  international  units.     Since  the  U.  S.  Phar- 
macopoeia is   the    standard   to  which   all   druggists  and   drug 
manufacturers  must  conform,  the  U.  S.  Pharmacopoeia  experts 
have  adopted  the  international  unit  as  the  "U.   S.   P.   unit." 
Consequently,  these  terms  are  synonymous. 

While  there  is  still  much  to  be  done  by  the  medical  profession 
in  establishing  vitamin  requirements  for  human  beings,  I  be- 
lieve it  is  safe  to  state  at  this  time  that  the  vitamin  A  require- 
ments of  human  beings  will  vary  from  about  3,000  to  6,000 
international  units  (I.  U.).    Babies  usually  require  from  2,000 
I.  U.  to  5,000  or  6,000  L  U.     Some  authorities  have  advocated 
vitamin  A  intakes  for  growing  children  as  high  as  9,000  I.  U. 
This  is  the  reason  that  physicians  advocate  the  use  of  cod  liver 
oil  in  child  feeding,  since  good  average  medicinal  cod  liver  oil 
will  assay  2,000  L  U.  per  teaspoonful  and  higher.     Butter  fat 
is  also  varial)le,  depending  upon  the  diet  of  the  cow,  and  will 
probably  average  somewhere  between  500  and  1,400  I.  U.  per 
ounce.     It  would  appear  that  mother's  milk  is  usually  richer 
in  vitamin  A  than  cow's  milk.     Most  medical  authorities  are 
agreed  that  at  least  6,000  L  U.  per  day  are  necessary  for  preg- 
nant and  nursing  mothers. 

A  new  instrument   is   being  used   experimentally   in   many 
clinics  for  the  determination  of  profitable  vitamin  A  deficiency 
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in  humans.    This  instrument  is  known  as  a  visual  photometer. 
This  instrument  measures  the  speed  of  recovery  of  vision  after 
the  eye  has  been  subjected  to  a  very  intense  light.    A  pigment 
known  as  visual  purple  in  the  retina  of  the  eye  is  bleached  or 
destroyed  by  light.     Regeneration  of  the  visual  purple  appears 
to  depend  upon  the  carotene  of  vitamin  A  storage  in  the  tissues. 
Consequently,  a  person  with  ample  vitamin  A  reserves  should 
be  able  to  regenerate  visual  purple  more  rapidly  than  a  person 
who  is  vitamin  A  deficient.     This  has  been  found  to  be  true 
within  certain  limits  and  it  would  appear  that  this  instrument 
will  be  useful  in  obtaining  semi-quantitative  information  regard- 
ing the  vitamin  A  reserves  of  the  body. 

Vitamin  B  (Bi) 
This  vitamin  has  been  isolated  in  pure  crystalline  form  and 
only  recently  has  the  chemist  been  able  to  find  methods  of  syn- 
thesizing it  artificially  in  the  laboratory.     It  is  possible,  there- 
fore, to  write  the  formula  for  this  vitamin.    It  is  known  on  the 
market  as  thiamine  or  crystalline  vitamin  Bi  and  has  the  chem- 
ical formula  C12H17N4SCI.     The  international  unit  used  in 
referring  to  the  potency  of  this  vitamin  is  an  arbitrary  one  based 
on  a  standard  preparation  made  from  rice  polishings.     It  will 
not  be  long  before  crystalline  thiamine  will  become  the  inter- 
national standard.     Our  vitamin  research  laboratory  at  Penn 
State  has  been  designated  as  one  of  the  referee  laboratories  to 
co6perate  with  the  U.  S.  Government  and  the  Pubhc  Health 
Committee  of  the  League  of  Nations  with  the  hope  of  estab- 
lishing a  definite  international  standard  for  vitamin  Bi  m  the 
very  near  future. 

It  would  appear  that  considerably  less  than  40  per  cent  of 
vitamin  Bi  ingested  by  the  cow  ever  finds  its  way  into  the  milk 
As  a  result  cow's  milk  cannot  be  considered  a  rich  source  of 
this  vitamin.    Using  the  present  tentative  international  stand- 
ard, it  is  possible  to  state  that  milk  contains  from  about  70  to 
175  international  units  per  quart.    The  best  information  obtam- 
able  at  the  present  time  would  indicate  that  human  bemgs  re- 
quire in  the  neighborhood  of  300  international  units  of  v.tamm 
Bi  per  day.     There  are  many  individuals  who  need  at  least 

twice  that  amount. 
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Vitamin  B2  (G) 
This  vitamin  has  been  found  to  be  a  water  soluble  pigment 
found  in  fairly  large  concentrations  in  milk   eggs  and  liver     It 
s  known  as  lacto  flavin  or  ribo  flavin  and  has  been  isolated 
from  these  food  materials  in  pure  crystalline  form  and  syn- 
thesized artificially  in  the  chemical  laboratory.    While  it  is  no 
feasible  (in  this  short  address)  to  describe  the  structure  of  thi 
vitamin,  it  is  possible  to  indicate  what  is  known  as  the  empirical 
formula.  The  empirical  formula  for  lacto  flavin  is  C1TH20F4O6. 
This  vitamin  has  attracted  considerable  attention  during  the 
past  two  years  and  several  industrial  concerns  are  attempting 
to  manufacture  it  in  a  commercial  way.  ^  ^ 

To  date  it  has  been  impossible  to  establish  an  international 
unit  for  vitamin  B2  and  the  one  now  in  use  is  known  as  the 
Sherman-Bourquin  unit.     This  unit  is  based  on  the  response 
of  experimental  rats  under  definite  controlled  conditions.   Cow  s 
milk  contains  from  360  to  720  S-B  units  per  quart  and  the  prob- 
able daily  requirement  for  humans  is  about  400  S-B  units  per 
day      The  poultry  production  industry  is  becoming  decidedly 
flavin  conscious  and  there  is  a  real  demand  for  flavin  concen- 
trates at  the  present  time.    It  is  being  manufactured  from  milk 
animal  tissues,  brewery  by-products,  etc.    There  is  also  a  need 
for  this  particular  vitamin  in  the  manufacture  of  dog  foods  as 
well  as  infant  and  invalid  foods,  pharmaceuticals,  etc.     While 
the  work  is  barely  under  way,  reports  from  clinical  laboratories 
and  hospitals  indicate  that  there  is  a  definite  place  for  Vitamin 
B2  in  medical  practice. 

Vitamin  C  (Ascorbic  Acid) 
Since  I  last  addressed  your  group  this  vitamin  has  been  pre- 
pared in  pure  crystalline  form  and  synthesized  in  the  chemical 
laboratory.     It  is  known  as  ascorbic  acid  or  cevitamic  acid. 
Ascorbic  acid  has  the  formula  CgHsOc  and  can  be  determined 

by  chemical  means. 

In  1919  Wisconsin  and  New  York  workers  corroborated  our 
findings  relative  to  the  influence  of  diet  on  the  vitamin  C  con- 
tent of  cow's  milk.  At  that  time  we  all  contended  that  the 
vitamin  C  content  of  cow's  milk  depended  upon  the  amount  of 
vitamin  C  in  the  diet  of  the  cow.    Workers  at  the  Kansas  State 
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College  have  taken  the  stand  that  the  vitamin  C  content  of  milk 
cannot  be  affected  by  feeding.  We  feel  that  diet  does  affect  the 
vitamin  C  content  of  cow's  milk  within  certain  limits  and  work 
is  now  being  planned  at  the  Pennsylvania  State  College  to  re- 
peat this  study,  using  the  more  refined  and  accurate  chemical 
technics  which  have  been  developed  in  the  last  few  years. 

Pure  crystalline  ascorbic  acid  is  used  as  the  international 
standard,  1/20  of  a  milligram  being  equal  to  one  international 
unit.  Milk  contains  from  21  to  36  milligrams  of  ascorbic  acid 
per  quart  or  from  100  to  180  I.  U.  It  would  appear  that  human 
beings  demand  about  300  I.  U.  per  day.  This  amount  cannot 
be  furnished  in  milk  alone  and  most  diets  should  be  supple- 
mented with  vegetables,  orange  juice,  tomato  juice  or  similar 
fruit  juices  to  insure  an  adequate  supply  of  vitamin  C. 

Vitamin  D 
A  few  years  ago  chemists  thought  that  there  was  but  one 
vitamin  D.  Within  the  past  two  or  three  years  evidence  has 
accumulated  which  indicates  that  there  are  at  least  nine  separate 
chemical  compounds  possessing  vitamin  D  activity.  So  far  as 
the  layman  is  concerned  this  is  not  a  matter  of  great  importance, 
since  the  natural  vitamin  D  and  the  artificial  vitamin  D  (irradi- 
ated ergosterol)    are  the  principal  commercial  sources  at  the 

present  time. 

The  international  standard  is  an  arbitrary  one  based  upon  the 
preparation  of  a  pure  ergosterol  preparation  known  as  calciferol 
(which  has  been  irradiated  with  ultraviolet  light  under  con- 
trolled conditions).    Cod  liver  oil  preparations  have  been  stand- 
ardized against  this  international  standard  and  samples  of  the 
reference  cod  liver  oil  are  available  for  all  lalx)ratories  which 
conduct  vitamin  D  assays.    It  is,  therefore,  possible  for  labora- 
tories over  the  world  to  speak  of  the  vitamin  D  content  of  all 
food  materials  in  the  same  terms.     It  is  impossible  to  go  into 
detail  regarding  the  standardization  of  the  bio-assays  other  than 
to  state  that  the  U.  S.  Pharmacopoeia  describes  standard  feed- 
ing methods  and  bone  examinations  in  order  that  all  labora- 
tories may  obtain  comparable  results. 

Cow's  milk  is  considered  a  poor  source  of  vitamin  D  since 
it  contains  from  10  to  40  I.  U.  per  quart.    Medical  authorities 
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are  agreed  that  babies  need  not  less  than  300  I.  U.  per  day  and 
some  authorities  feel  that  the  daily  intake  should  be  as  high  as 
800  for  some  individuals.  The  American  Medical  Association 
recommends  400  vitamin  D  units  per  day  for  the  average  child 
and  this  is  the  reason  why  most  vitamin  D  milks  are  standard- 
ized at  400  vitamin  D  units  per  quart.  The  U.  S.  Pharma- 
copoeia requires  that  a  medicinal  cod  liver  oil  shall  contain  not 
less  than  85  I.  U.  per  gram  of  oil.  Most  good  cod  liver  oils  are 
in  excess  of  this  figure. 

Medical  authorities  are  agreed  that  human  beings  can  use 
the  artificial  and  natural  vitamin  D  with  about  equal  efficiency. 
It  would  appear  that  there  is  a  slight  difference  in  efficiency 
of  utilization  which  seems  to  be  slightly  in  favor  of  the  natural 
vitamin  D.  The  difference,  however,  is  not  sufficiently  great  to 
merit  emphasis.  It  would  appear,  therefore,  that  the  type  of 
vitamin  D  milk  ingested  by  the  child  is  not  a  matter  of  nu- 
tritional importance,  so  long  as  the  child  receives  an  adequate 
supply  of  the  bone  building  vitamins. 
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THE  EFFECT  OF  THE  RIPENING  PROCESS  ON  THE  VITAMIN  A 

CONTENT  OF  CHEDDAR  CHEESE*t 

N.  B.  GUEEEANT  and  E.  A.  DUTCHEE 
Department  of  Agricultural  and  Biological  Chemistry 

AND  C.  D.  DAHLE 
Department  of  Dairy  Husbandry,  Pennsylvania  State  College 

Various  types  of  cheese  have  long  been  recognized  as  valuable  adjuvants 
to  the  human  dietary.  Among  the  several  types  of  cheese  used  for  human 
consumption,  the  whole  milk  cheeses  merit  special  consideration.  This  is 
because  these  cheeses,  in  addition  to  being  excellent  sources  of  certain  min- 
erals and  proteins  of  high  biological  value,  are  rich  in  milk  fat.  This  is  espe- 
cially true  of  the  whole  milk  cheeses. 

Those  cheeses  which  contain  relatively  large  percentages  of  milk  fat  might 
be  expected  to  be  rich  sources  of  vitamin  A.     In  fact,  a  few  data  have  ap- 
peared in  scientific  literature  (Cook  and  Axtmayer  (1),  Coward  and  Mor- 
gan (2) )  which  indicate  that  the  Cheddar  cheese  is  an  excellent  source  of  this 
vitamin.     There  appear  to  be  no  data  available,  however,  concerning  the  rela- 
tionship of  the  vitamin  A  content  of  the  fresh  cheese  curds  to  the  vitamin  A 
content  of  the  marketable  product.     Nutritional  investigators,  working  along 
other  lines,  have  reported  that  the  actions  of  certain  enzymes  and  bacteria 
are  definitely  destructive  to  carotene  and  to  vitamin  A.     From  such  reports 
it  might  appear  that  the  vitamin  A  content  of  the  ripened  cheese  is  only  a 
fraction  of  the  vitamin  A  content  of  the  products  incorporated  into  the 
cheese.     Since  different  types  of  cheese,  as  well  as  different  batches  of  the 
same  type,  are  cured  for  varying  periods  of  time,  depending  upon  various 
factors,  it  would  appear  that  those  cheeses  which  had  been  subjected  to  the 
longer  periods  of  curing  and  storage  should  have  undergone  the  greatest 
depreciation  in  their  vitamin  A  content.     In  such  cases,  the  rate  and  extent 
of  vitamin  A  deterioration  should  undoubtedly  depend  upon  a  number  of 

factors.  \ 

Since  several  types  of  cheese  are  known  to  contam  appreciable  quantities 
of  vitamin  A,  and  since  no  data  were  available  concerning  the  stability  of  the 
vitamin  A  of  cheese  during  the  ripening  process,  it  was  believed  that  a  study 
concerning  the  changes  in  the  vitamin  A  content  of  Cheddar  cheese  durmg 
the  ripening  process  would  yield  data  of  value. 

EXPERIMENTAL 

The  investigation  herein  reported  was  restricted  to  a  study  of  the  stability 
of  the  vitamin  A  of  Cheddar  cheese  during  the  ripening  process.     The  cheese 
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used  in  these  studies  was  a  portion  of  a  regular  batch  of  Cheddar  cheese 
which  had  been  manufactured  in  the  usual  manner  by  the  Department  of 
Dairy  Husbandry.  This  cheese  was  made  from  the  regular  run  of  raw  milk 
which  had  been  produced  during  the  early  days  of  March.  A  representative 
sample  of  cheese  was  taken  for  vitamin  A  assay  at  the  time  the  cheese  was 
placed  in  the  ripening  chamber  and  similar  samples  were  taken  at  intervals 
during  the  ripening  process.  The  moisture  content  of  each  sample  of  cheese 
was  d'etermined  just  previous  to  the  beginning  of  the  assay.  During  the 
period  of  assay,  the  cheese  was  maintained  in  an  air-tight  container  which 
in  turn  was  kept  in  an  electric  refrigerator. 

The  vitamin  A  assays  were  carried  out  according  to  the  U.  S.  P.  technic 
(3)  with  the  exception  that  the  assay  period  was  extended  to  35  days.  Each 
test  animal  was  maintained  at  all  times  in  an  individual  metal  cage  and  was 
given  the  usual  care  and  attention  indicated  by  the  above  technic.  The  assay 
groups  consisted  of  from  six  to  twelve  carefully  selected  test  animals.  Ex- 
treme care  was  exercised  in  distributing  litters,  sexes  and  body-weights  uni- 
formly throughout  the  several  assay  groups. 

Preliminary  studies  with  the  original  cheese  curds  at  the  beginning  of  the 
ripening  period  indicated  that  daily  doses  ranging  from  0.1  to  0.4  gram  were 
sufficient  to  insure  satisfactory  growth  and  at  the. same  time  made  sufficient 
allowance  for  marked  destruction  of  vitamin  A  during  a  prolonged  ripening 
process.  Therefore,  this  range  of  daily  allotments  was  adopted.  Carefully 
weighed  quantities  of  cheese  were  fed,  in  separate  containers,  to  vitamin  A 
deficient  animals.  While  the  assays  were  in  progress,  a  comparable  group 
of  animals  was  being  fed  a  definite  unitage  of  vitamin  A  in  the  form  of  the 
U.  S.  P.  reference  cod-liver  oil.  It  may  be  stated  in  connection  with  the 
weighing  of  the  daily  portions  of  cheese  that  these  portions  were  always  taken 
from  a  freshly  cut  surface  in  order  to  minimize  the  effect  of  moisture  losses 
during  the  assay  period. 

DATA 

Data  obtained  as  the  result  of  this  series  of  assays  have  been  condensed 
and  are  presented  in  the  following  graphs  (Figure  1). 

DISCUSSION 

From  the  data  presented  in  the  above  graphs  it  appears  quite  evident 
that  the  vitamin  A  content  of  Cheddar  cheese  does  not  change  appreciably 
during  a  combined  ripening  and  storage  period  of  one  year.  A  period  of 
this  duration  is  somewhat  longer  than  that  commonly  used  in  practical  cheese- 
making.  It  appears  safe,  therefore,  to  conclude  that  there  is  no  serious  loss 
in  the  vitamin  A  potency  of  such  cheese  during  the  usual  curing  period. 

While  the  data,  as  presented  above,  indicate  only  a  slight  decrease  in  the 
vitamin  A  potency  of  the  cheese  as  a  result  of  the  ripening  process,  this  de- 
crease becomes  somewhat  more  significant  when  the  growth  responses  are 
adjusted  for  the  difference  in  moisture  content  of  the  various  cheese  samples 
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FIG.  1.     Growth  responses  resulting  from  feeding  definite  weights  of  Cheddar  cheese 
which  had  been  ripened  for  different  periods  of  time,  to  groups  of  vrtamin  A  defic  ent 
Tats  as  the  only  Supplement  to  a  vitamin  A  deficient  diet    are  g:ven^  '^^^^ 
growth  responses  resulting  from  feeding  a  definite  unitage  of  vxtamm  A  in  the  forn, 
the  U.  S.  P.  reference  cod-liver  oil  arc  also  given. 

at  the  time  of  assay.  The  moisture  content  of  the  four  samples  of  chees.  at 
1  beg "ning  of  the  assay  was  37.36,  33.25,  30.29  and  30.00  per  cent,  respe. 
tively     Owing  to  moisture  losses,  the  amounts  of  moisture-free  cheese  ted 
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at  the  second  and  subsequent  assays  were  larger  than  those  fed  during  the 
initial  assay  and,  therefore,  should  have  produced  greater  growth  responses 
if  there  had  been  no  vitamin  A  destruction.  Since  the  growth  responses 
obtained  in  the  above  studies  were  somewhat  less,  in  spite  of  the  slight  in- 
crease in  the  amounts  of  moisture-free  cheese  fed,  it  can  only  be  concluded 
that  there  had  been  a  measurable  amount  of  vitamin  A  destruction  during 
the  ripening  process.  But  since  these  losses  in  vitamin  A  potency  were  so 
nearly  compensated  for  by  the  decrease  in  moisture  content  of  the  cheese,  the 
loss  in  vitamin  A  units  per  unit  weight  of  cheese  to  the  purchaser,  as  a  result 
of  the  ripening  process,  appeared  to  be  insignificant. 

According  to  the  above  data,  the  finished  cheese  contained  approximately 
4500  U.  S.  P.  units  of  vitamin  A  per  pound.  This  potency  is  somewhat  less 
than  that  reported  for  Cheddar  cheese  by  other  investigators.  This  differ- 
ence in  potency  is  believed  to  be  due  to  differences  in  vitamin  A  intake  of 
the  cows  producing  the  milk  from  which  the  cheese  was  made.  It  has  long 
been  known  that  the  vitamin  A  content  of  milk  (milk  fat)  depends  upon  the 
vitamin  A  intake  of  the  cow  producing  it.  The  cheese  used  in  these  studies 
was  made  from  milk  which  had  been  produced  during  the  month  of  March, 
at  a  time  when  the  vitamin  A  intake  of  the  cow  is  relatively  low  as  compared 
to  other  seasons  of  the  year  when  green  pasture,  green  feeds,  etc.,  are  avail- 
able. The  low  vitamin  A  potency  of  the  above  cheese  is,  therefore,  attributed 
to  the  low  vitamin  A  content  of  the  curds  from  which  the  cheese  was  made. 
When  one  considers  the  fact  that  cheese  is  often  made  from  surplus  milk  and 
that  surplus  milk  is  usually  more  plentiful  during  the  spring  and  summer 
months,  it  at  once  becomes  apparent  that  much  of  the  Cheddar  cheese,  as 
purchased  on  the  market,  may  contain  a  vitamin  A  potency  in  excess  of  that 
reported  above. 

SUMMARY 

Data  are  presented  to  show  that  no  serious  destruction  of  vitamin  A 
occurs  during  the  ripening  of  Cheddar  cheese.  While  a  measurable  decrease 
in  vitamin  A  potency  was  apparent,  this  loss  was  almost  wholly  compensated 
for  by  moisture  losses.  It  appears,  therefore,  that  a  pound  of  Cheddar 
cheese  purchased  at  the  end  of  the  usual  ripening  period  will  contain  approxi- 
mately the  same  amount  of  vitamin  A  as  a  pound  of  the  original  curds  in 
spite  of  the  fact  that  some  destruction  of  the  vitamin  has  occurred. 
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at  the  second  and  subsequent  assays  were  larger  than  those  fed  during  the 
initial  assay  and,  therefore,  should  have  produced  greater  growth  responses 
if  there  had  been  no  vitamin  A  destruction.  Since  the  growth  responses 
obtained  in  the  above  studies  were  somewhat  less,  in  spite  of  the  slight  in- 
crease in  the  amounts  of  moisture-free  cheese  fed,  it  can  only  be  concluded 
that  there  had  been  a  measurable  amount  of  vitamin  A  destruction  during 
the  ripening  process.  But  since  these  losses  in  vitamin  A  potency  were  so 
nearly  compensated  for  by  the  decrease  in  moisture  content  of  the  cheese  the 
loss  in  vitamin  A  units  per  unit  weight  of  cheese  to  the  purchaser,  as  a  result 
of  the  ripening  process,  appeared  to  be  insignificant. 

According  to  the  above  data,  the  finished  cheese  contained  approximately 
4500  U.  S.  P.  units  of  vitamin  A  per  pound.  This  potency  is  somewhat  less 
than  tliat  reported  for  Cheddar  cheese  by  other  investigators.  This  differ- 
ence in  potency  is  believed  to  be  due  to  differences  in  vitamin  A  intake  of 
the  cows  producing  the  milk  from  which  the  cheese  was  made.  It  has  long 
been  known  that  the  vitamin  A  content  of  milk  (milk  fat)  depends  upon  the 
vitamin  A  intake  of  the  cow  producing  it.  The  cheese  used  in  these  studies 
was  made  from  milk  which  had  been  produced  during  the  month  of  March, 
at  a  time  when  the  vitamin  A  intake  of  the  cow  is  relatively  low  as  compared 
to  other  seasons  of  the  year  when  green  pasture,  green  feeds,  etc.,  are  avail- 
able. The  low  vitamin  A  potency  of  the  above  cheese  is,  therefore,  attributed 
to  the  low  vitamin  A  content  of  the  curds  from  which  the  cheese  was  made. 
When  one  considers  the  fact  that  cheese  is  often  made  from  surplus  milk  and 
that  surplus  milk  is  usually  more  plentiful  during  the  spring  and  summer 
months,  it  at  once  becomes  apparent  that  much  of  the  Cheddar  cheese,  as 
purchased  on  the  market,  may  contain  a  vitamin  A  potency  in  excess  of  that 
reported  above. 

SUMMARY 

Data  are  presented  to  show  that  no  serious  destruction  of  vitamin  A 
occurs  during  the  ripening  of  Cheddar  cheese.  While  a  measurable  decrease 
in  vitamm  A  potency  was  apparent,  this  loss  was  almost  wholly  compensated 
for  by  moisture  losses.  It  appears,  therefore,  that  a  pound  of  Cheddar 
cheese  purchased  at  the  end  of  the  usual  ripening  period  will  contain  approxi- 
mately the  same  amount  of  vitamin  A  as  a  pound  of  the  original  curds  in 
spite  of  the  fact  that  some  destruction  of  the  vitamin  has  occurred. 
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the  food  processor  needs  to  retain 
the  original  flavor  in  his  products 
for  as  long  as  possible.  Progress 
in  this  direction  is  of  interest  to 
manufacturers  of 

Bakery   Products 

Ice    Cream 

Meat  Products 

Nut    Products 

Potato   Chips 

Other  Fattr  Foods 


By  HOWARD  O,  TRIEBOLD  * 

Departmetif  of  Agricultural  and  Biological  Chemistry, 
The  Peuusylvania  State  College,  State  College,  Pennsylvania 


A  SERIOUS  PROBLEM  is  frequently 
encountered  in  the  merchan- 
dising of  food  products  con- 
taining fats.  Especially  is  this  true 
in  those  foods  in  which  a  consid- 
erable length  of  time  elapses  before 
they  reach  the  consumer.  The  prob- 
lem involves  the  spoilage  of  fats 
through  an  oxidative  process  in 
which  undesirable  flavors  and  odors 
are  produced.  Various  methods  for 
the  treatment  of  such  foods  have  been 
developed  to  reduce  this  spoilage  to 
a  minimum.  These  methods  include 
packaging  in  a  vacuum  or  replace- 
ment of  air  by  an  inert  gas,  proper 
refrigeration,  use  of  colored  con- 
tainers to  remove  harmful  light  rays, 
and  the  use  of  antioxygens. 

While  such  mechanical  means  of 
preventing  oxidative  deterioration  of 
foods  as  packaging  in  a  vacuum, 
proper  refrigeration,  and  the  use  of 
colored  containers  have  proved  to 
be  of  great  value  to  certain  branches 
of  the  food  industry,  they  are  of 
little  value  to  the  cracker  baker.  At 
the  present  time  his  main   hope   for 
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the  control  of  oxidative  rancidity  (»f 
crackers  resides  in  the  use  of  proper 
antioxygens. 

Antioxygens  arc  substances  which, 
although  present  in  only  minute 
amounts,  are  able  to  inhibit  for  a 
time  the  process  of  oxidative  de- 
terioration. Such  substances  are  in 
common  use  in  the  rubber  and 
petroleum  industries  but  are  still  in 
their  infancy  with  respect  to  the  food 
industry.  The  antioxygens  used  in 
the  rubber  and  petroleum  industries 
cannot  be  used  by  the  food  industry 
since  they  are  inedible  substances 
and  so  the  search  has  continued  for 
edible  antioxygens.  The  knowledge 
that  certain  crude  vegetable  oils  have 
excellent  keeping  qualities  has  led 
to  a  study  of  natural  antioxygens 
present  in  vegetable  oils. 

Although  the  exact  nature  of  most 
of  the  natural  antioxygens  present 
in  vegetable  oils  is  still  unknown, 
several  have  been  isolated  in  fairly 
pure  form.  One  characteristic  of 
most  of  these  substances  is  that  they 

Table  I 
Samplfw Antioxygenic     Index 

Crackers    plus  0.1%  Avenol 12 

Crackers    plus  0.3%  Avcno J^ 

Crackers    plus  0.5%  Aveno J   B 

Crackers    plus  0.6%  Avenol 15 

Crackers    plus  1.6%  Avenol Z  o 


Table  II 

Sample*        Awtloxyyenlc     laHcy 

0.5%  Avenol  added  in  sponge....  10 
0.5%   Avenol     added     in     doughinpr 

up   sponge {•' 

0.5%  Alcoholic  extract  in  sponge.  i.» 
0.5%   Alcoholic  extract  in  doughing 

up   sponj?e }   J 

5.0%  Avenex  added  in  sponge....  !•" 
5.0%   Avenex    added    in    doughmg 

up  sponge *  • " 

Table  III 

Sampleg Antioxygenir     Imlejc 

Crackers  dusted  on  one  side }  •  J 

Crackers   dusted   on   two   sides i-^ 


contain  an  "OH"  group  and  give  the 
normal  reactions  of  sterols.  However, 
these  natural  antioxygens  are  not 
any  of  the  common  sterols  since  none 
of  these  possess  antioxygenic  activ- 
ity. Just  what  structural  characteris- 
tics cause  them  to  have  antioxygenic 
activity  is  a  problem  receiving  con- 
siderable    attention     at     the     present 

time. 

That  the  natural  antioxygens  pro- 
tect the  oil  in  which  they  are  found 
from  rapid  oxidation  is  a  well  known 
fact.'*'  That  oils  containing  such 
antioxygens,  when  mixed  with  other 
fats,  tend  to  protect  these  fats  from 
oxidative  deterioration  has  also  been 
established.  For  example,  the  author* 
found  that  the  removal  of  ether 
soluble  substances  from  wheat  flour 
before  baking  it  into  crackers  with 
lard  as  the  shortening  agent  caused 
the  crackers  to  have  much  poorer 
keeping  quality  than  if  they  contained 
the  ether  soluble  substances. 

A   further  step  in  the  same  direc- 
tion has  been  the  use  of  various  cereal 
flours   or    their    extracts    as    antioxy- 
gens. I'eters  and  Musher*  found  that, 
of  the  various  cereal  flours,  oat  flour 
and    its   extracts    was    the    most    effi- 
cient   in    antioxygenic    activity.     Oat 
flour  was  found  of  value  in  decreas- 
ing the  susceptibility  of  ice  cream  to 
oxidized  flavor  by  Dahle  and  Joseph- 
son.*      These      same      authors^     also 
found  that  parchment  treated  with  oat 
flour    as    a    sizing    was    effective    in 
preventing  oxidative  changes  in  but- 
ter   during    storage.     Rancidity    de- 
velopment   in    bacon    during    storage 
was     also     inhibited     by     oat     flour 
(Bull*),    while    Lemon*    and    his    co- 
workers    found    oat    flour    improved 
the  keeping  quality  of  salt  mackerel 
during  storage. 

Since  crackers  are  subject  to  oxi- 
dative rancidity  it  was  desirable  to 
know  how  effective  oat  flour  or  its 
extracts  might  be  in  preventing  this 
type  of  spoilage.  Samples  of  oat 
flour  (Avenex),  a  hexane  extract  of 
oat  flour   (Avenol)   and  an  alcoholic 


extract  of  oat  flour  were  obtained 
from  the  Quaker  Oats  Company 
through  the  facilities  of  Musher 
Foundation,  Inc.,  and  used  in  this 
study. 

In  the   first  study  an  attempt  was 
made    to    determine    whether    Avenol 
sprayed   upon  crackers   would   inhibit 
oxidative     deterioration     and     if     so, 
how     its    efficiency    in    this     respect 
varied    with     increasing    percentages 
used.     Experimental    crackers    were 
baked    and,    immediately,    upon    their 
removal  from  the  oven,  were  sprayed 
with    varying    quantities    of    Avenol. 
The    crackers    were    then    stored    in 
closed  containers  at  40  deg.   C,  and 
their    deterioration    in    storage     fol- 
lowed organoleptically  and  also  by  the 
increase    in    peroxide    value    of    the 
shortenings    contained.    The    antioxy- 
genic    index     (the    number    of    days 
samples  remained  sweet  during  stor- 
age divided   by  the  number   of   days 
that  the  control  remained  sweet  under 
the    same   conditions)    gives    a    good 
idea   of   antioxygenic    efficiency.    The 
results  of  this   study,   summarized  in 
Table  1,  indicate  the  effectiveness  of 
Avenol   as   an   inhibitor   of   oxidative 
rancidity  when  sprayed  upon  crackers. 
To    determine    the    effect    of    fer- 
mentation   and    baking    on    oat    flour 
and  its  extracts,  crackers  were  made 
using    oat    products    in    the    formula. 
In    one    series,    0.5    per   cent    Avenol 
was  added   when   mixing   the   sponge 
and  in  another  series  when  doughing 
up    the    sponge    after    fermentation. 
The    same    procedure    was    followed 
with  a  0.5  per  cent  alcoholic  extract 
of   oat   flour   and   also    with   5.0   per 
cent  quantities  of  Avenex  itself    The 
results  of  this  study  are  reported   in 
lable  11. 

Since  Avenex  added  to  the  cracker 
formula  exhibited  no  antioxygenic 
effect,  a  study  was  made  to  determine 
It  It  would  have  any  effect  when 
dusted  upon  crackers  just  previous  to 
the  bakmg  process.  In  one  series 
crackers  were  dusted  on  one  side  and 
in  another  series  on  both  sides.  After 
bakmg,  the  excess  Avenex  was  ' 
brushed   off  and   the  crackers   stored 


The  results  of  this  study  are  reported 
in  Table  III. 

Oat    flour    and    its    extracts    were 
found    to     show     some    antioxygenic 
properties    by    inhibiting    for    a    time 
the        oxidative        deterioration        of 
crackers   stored   at   elevated   tempera- 
tures.     Apparently     the     process     of 
cracker  manufacture  will  destroy  some 
of  the  antioxygenic  properties  if  the 
material  is  added  in  the  formula,  es- 
pecially   if    Avenex    or    Avenol    are 
added.    The   alcoholic   extract   of   oat 
flour  retains  to  a  considerable  degree 
its      antioxygenic      properties      when 
mixed  in  the  formula. 

The  most  feasible  method  of  add- 
ing the  antioxygen  is  by  spraying 
the  crackers  with  Avenol  immediately 
upon  their  removal  from  the  oven. 
The  Avenol  is  absorbed  by  the 
cracker  and  is  not  detectable  in  the 
finished  product  if  used  in  quantities 
of  0.5  per  cent  or  less.  Dusting  the 
crackers  with  Avenex  can  also  be 
used  to  improve  the  keeping  quali- 
ties of  the  crackers. 

Oat  flour  sizing  on  the  interior  of 
cartons  (Avenized  cartons),  for  the 
purpose  of  inhibiting  rancidity,  has 
been  used  commercially  for  more 
than  a  year  and  a  half.  Toasted  wheat 
biscuits  stored  in  Avenized  cartons 
were  found  to  retain  their  whole- 
someness  for  a  longer  period  than 
when  stored  in  ordinary  cartons. 
Further  work  on  the  use  of  Avenized 
paper  in  storing  crackers  is  in 
progress. 
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26  day  cure 


30  days  later 


Effect  of  agmg  on  distribution  of  salt  in  cured  hams.  Test  pieces 
were  cut  out  of  the  hams  as  shown  by  the  white  lines.  The  figures 
are  percentages  of  salt  in  the  samples  at  the  end  of  the  26-day 
cure  and  30  days  later. 
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WAat  id  a  9xuul  GuAe.? 


NUMEROUS  combinations  of  salt,  sugar  and  saltpeter 
have  been  recommended  for  pork  curing.  Many  different 
recommendations  produce  satisfactory  results.  All  ex- 
perimenters agree,  however,  that  sugar-cure  produces 
the  highest  grade  cured-pork  product.  No  one  recom- 
mends a  straight  salt  cure  (without  saltpeter).  Some 
use  12  pounds,  some  10  pounds,  and  others  8  pounds  of 
salt  in  the  curing  mixture  for  each  100  pounds  of  pork 
to  be  cured,  with  the  recommendation  of  a  two  to  three- 
day  curing  period  per  pound,  regardless  of  formula.  The 
result  is  that  farm-cured  pork  is  often  under  or  over- 
cured. 


Recommendation  of  a  cure  of  two  days  per  pound  for 
bacon  is  open  to  question.  This  would  mean  that  a  10- 
pound  bacon  must  be  in  cure  20  days.  If  this  bacon  is 
cut  into  two  5-pound  pieces,  should  each  piece  be  cured 
10  days?  The  thickness  of  the  bacon  is  unchanged.  Some 
hams  are  deep  and  plump;  others,  of  a  similar  weight, 
are  shallow  and  flat.  Some  17-pound  hams  show  as  much 
as  three-fourths  of  an  inch  difference  in  thickness 
through  the  cushion  directly  behind  the  H-bone.  Can 
salt  penetrate  5«/2  inches  of  solid  muscle  as  quickly  as 
it  can  penetrate  4?^  inches? 


Is  the  distance  salt  has  to  travel  a  more  accurate  basis 
for  a  curing  schedule?  This  question  prompted  these 
investigations.  Many  variables  enter  into  work  of  this 
nature,  because  of  individual  characteristics  of  the  pork. 
These  difi-erences  were  overcome,  in  part,  by  running 
numerous  retests  over  a  period  of  three  years,  and  by 
making  approximately  4500  separate  chemical  determina- 
tions. This  bulletin  reports  only  certain  of  these  tests; 
the  tables  represent  the  aggregate  results  of  check  tests. 
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THE   CURING  FORMULA 

§ALT  is  the  curing  agent  which  functions  as  a  preservative  by  either 
preventing  or  reducing  the  action  of  putrefactive  bacteria.  During  the 
process  of  salt  absorption  by  the  muscle  tissue,  some  of  the  meat  juices 
are  forced  out  of  the  meat  by  the  difference  in  the  specific  gravity  of  the 
salt  solution  and  the  meat  juices.  This  action  causes  a  loss  in  w  eight  of 
the  meat  that  is  being  dry  cured.  The  opposite  occurs  w  ith  pork  that  is 
cured  in  a  brine  solution. 

Prolonged  exposure  of  meat  to  salt  action  produces  a  dry,  saline  prod- 
uct. Incorporation  of  sugar  in  the  curing  mixture  somewhat  counteracts 
the  astringent  quality  of  the  salt  and  makes  the  meat  juicier.  It  also  en- 
hances the  flavor  of  cured  pork.  An  attractive  color  is  as  important  a 
sales  asset  to  cured  pork  as  it  is  to  the  fresh  meat.  Color  is  an  index  to 
quality,  but  not  a  guarantee  of  it.  To  secure  the  fresh,  bright  pink  color 
in  cured  meats,  it  is  necessary  to  add  saltpeter  (KNOj  or  sodium 
nitrite  (NaNOo)  to  the  curing  mixture. 

The  mixture  of  different  quantities  of  salt,  sugar  (brown  or  gran- 
ulated), and  saltpeter  constitutes  the  curing  formula.  Any  one  of  these 
ingredients  is  a  preservative  if  used  in  sufficient  amounts,  but  salt  is  the 
most  efficient  and  acceptable  because  it  also  contributes  to  the  palata- 

bilitv  of  the  meat. 

These  investigations  were  conducted  with  the  8:3:3  formula  in  which 
the  first  figure  represents  the  pounds  of  salt,  the  second  figure  the  pounds 
of  sugar,  and  the  last  figure  the  owices  of  saltpeter.  Whenever  the  curing 
mixtiire  is  applied  directh'  to  the  meat  by  rubbing  or  bv  packing,  it  is 
designated  as  the  Drv  Cure  (D.C.).  When  it  is  dissolved  in  water  and 
made  into  a  brine,  it  is  termed  Sweet  Pickle  (S.P.).  In  several  instances  a 
straight  salt  brine  was  used  to  test  the  rate  of  salt  penetration.  The  sai- 
meter,  fig.  i ,  was  used  to  test  the  strength  of  the  sweet  pickle.  The  salinity 
of  a  pickle  is  hereafter  designated  in  degrees.  Directions  for  making  up 
the  different  strengths  of  sweet  pickle  are  given  in  table  i. 
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Both  brown  and  granulated  sugar  were  tested  in  different  dry  cures 
as  well  as  in  the  sweet  pickle.  Corn  syrup  was  used  in  some  tests  on  sweet 
pickle.  Water  used  in  making  sweet  pickle  was  boiled  and  the  ingredients 
dissolved  in  the  water  while  hot.  This  assured  a  water  free  of  micro- 
organisms and  facilitated  the  thorough  dissolution  of  the  curing  ingredi- 
ents. Salimeter  readings  were  taken  at  three  different  temperatures. 

Table  i.— Amount  of  curing  ingredients  and  water  to  be  used  in  making 
different  strengths  of  sweet  pickle.*  maKing 


Pounds 
Salt 


Formula 
Pounds 
Sugar 


Ounces 
Saltpeter 


Cold  Water 
Gals.      Lbs. 


Degree  of  Pickle 
BY  Sallmeter 


160°  F 


60°  F 


40°  F 


w/K         K  T      [   "^^'^^^    8.33    pounds   to   the   gallon.    Hot   water   weighs    8   pounds   to    the   gallon 
Where  hot  water  is  measured,   add   an   additional    1  1/3   pints   to   4   gallons   and   '  2/3   nintf  to   ^ 

no  n  u'-  t'T  V''  °^  ''^^'  r  ^1'  '''^  '^^^  ^^'g*^  8  pounds.  One  quart  of  corn  syrup^  we  ghs  3 
pounds,  hither  brown  or  granulated  sugar  may  be  used;  both  give  the  same  salimeter  readmf 

TEMPERATURE  CONTROL 

Two  different  temperature  conditions  prevailed  in  all  of  these  tests- 
they  will  be  referred  to  as  the  controlled  and  the  uncontrolled  tem- 
peratures. Controlled  temperatures  refer  to  all  pork  cured  under  refrig- 
eration where  a  mean  temperature  of  :{7°  F  w^as  maintained  for  the  drv 
cure  and  34°  F  for  the  sweet  pickle  cure.  Molasses  barrels  were  used  as 
containers  for  pork  curing  in  s^^'eet  pickle;  cypress  boxes  ^^  ith  per- 
torated  bottoms  and  open  shelves  w  ere  used  for  the  drv  curincr 

Lncontrolled  temperatures  refer  to  pork  cured  in  a  room  which 
averaged  47°  F  in  the  winter  and  ss""  F  in  the  sprinir  and  fall.  The  tem- 
perature was^ contingent  upon  the  weather,  the  onlv  control  mechanism 
being  a  window\ 

SMOKING  AND  AGING 
Apple  M'ood  (dried  for  six  months)  was  used  with  corn  cobs  to  fur- 
nish the  smoke.  Eighteen  hours  for  bacon  and  30  hours  for  ham  ^^'as  the 
usual  continuous  smoking  period.  Temperatures  in  the  smokehouse 
averaged  125°  F. 

The  aging  took  place  under  both  refrigeration  and  room  temperature. 
1  he  meat  was  never  wrapped  or  sacked  and  was  hung  so  that  it  XNould 
not  touch  anything.  No  difficulty  with  mold  ^v^s  experienced,  although 
the  shrinkage  was  rather  hi^h. 


METHODS  USED  IN  TESTING  BACON 

All  fresh  bacons  were  measured  for  thickness 
at  a  point  three  inches  from  the  shoulder  end. 
They  were  cured  for  4,  5,  6,  7,  8  and  9  days  per 
inch  of  thickness  either  in  dry  cure  or  in  sweet 
pickle,  after  which  they  were  removed  by  pairs. 
They  were  soaked  in  fresh  water  at  a  tempera- 
ture of  60°  F  for  30  minutes,  after  which  a 
sample  was  taken  from  one  bacon  and  the  other 
was  smoked  and  aged  15  or  30  days  and  served 
as  the  check  bacon.  The  samples  for  analysis 
were  taken  2  inches  from  the  shoulder  end  and 
were  cut  i  inch  wide,  making  the  third  inch  at 
the  place  where  measurements  had  been  taken. 
One  inch  was  then  cut  from  each  end  of  the 
sample,  the  remainder  constituting  true  sample, 
fig.  2,  which  was  divided  lengthwise  into  three 
parts  designated  as  No.  i  (the  skin  side).  No.  2 
(the  center),  and  No.  3  (the  rib  side).  The 
procedure  for  analysis  from  this  point  on  was 
the  same  as  for  the  ham  samples.  The  percent- 
age of  salt  was  calculated  on  both  a  moisture 
and  a  dry  matter  basis.  Since  moisture  is  driven 
off  in  the  cooking  process,  an  analysis  on  a 
dry  matter  basis  gives  a  more  accurate  picture 
of  the  actual  salinity. 

DRY  SUGAR-CURING  BACON 

Salt    absorption    in    hacon.-Test    A- 14 

pounds  salt,  2  oimces  saltpeter —The  2  ounces 
of  saltpeter  were  mixed  with  2  pounds  of  salt 
and  this  mixture  was  rubbed  into  100  pounds 
of  bacon.  The  bacons  w  ere  placed  in  the  curing 

Table  2.— Results  with  test  A;  controlled  tem- 
perature; bacons  measured  i^  inches. 


12 


Days  in  Cure 


16 


8 


Days  per  inch 

in   cure  7 

Average  salt 

content  5  per  cent     5.25  per  cent 

Flavor  Very  salty     Very  salty 

Shrink  in  cure  2.5  per  cent    2.5  per  cent 

Shrink,  aged 

30  davs  6.$  per  cent   6.$  per  cent 

Total  shrink      9  per  cent      9  pcr  cent 


5.4  per  cent 
Very  saky 
3  per  cent 

6.5  per  cent 
9.5  per  cent 


.  Fig.i.— S  alimete  r 
used  to  test  the  strength 
of  sweet  pickle. 
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box  and  the  remaining  1 2  pounds  of  salt  were  sprinkled  over  the  bacons 
as  they  were  layered. 

Test  B-j  pounds  salt,  ^  ounces  saltpeter.-This  mixture  w^as  put  on 
bacon  in  one  rubbing.  The  bacon  was  cured  on  a  shelf. 

Table  3.— Results  with  test  B ;  con-  Table  4.— Results  with  test  C ;  con- 
trolled temperature;  bacon  measured  trolled  temperature;  bacon  measured 
I  94    inches.  i  finches. 


Days   in 

12 


Cure 
16 


Days      per      inch 

in    cure 
Average    salt 

content 
Flavor 

Shrink    in    cure 
Shrink,    aged    30 

days 
Total    shrink 


3.09  per  cent 

Ideal 

1  per  cent 

10  per  cent 


3.62  per  cent 

Ideal 

1  per  cent 

10  per  cent 


Days   per    inch    in   cure 

Average    salt    content 

Flavor 

Shrink    in    cure 

Shrink,    aged    30    days 


10    Days    in 
Cure 

8 

1.34  per  cent 

Very    mild 

None 
12  per  cent 


11  per  cent  11  per  cent 


Test  C—8  pounds  salt,  5  pounds  granulated  sugar,  5  ounces  saltpeter,— 
One  rubbing,  using  one-half  ounce  per  pound  of  bacon. 

Test  D—8  pounds  salt,  5  pounds  brown  sugar,  5  ounces  saltpeter.— K 
comparison  between  bacon  grading  as  lean  and  bacon  grading  as  fattv. 

Table  5. — Results  with  test  D;  controlled  temperature. 


12 


Days  in  Cure 
14 


16 


Bacon  thickness 
Days  per  inch  in  cure 
Average  salt  content 
Flavor 

Shrink  in  cure 
Shrink,  aged  30  days 
Total  shrink 

Bacon  thickness 
Days  per  inch  in  cure 
Average  salt  content 
Flavor 

Shrink  in  cure 
Shrink,  aged  30  davs 
Total  shrink 


Lean  Bacon  * 

I  Vi  inches 

7 
4.8  per  cent 

High  flavor 

2.5  per  cent 

16  per  cent 

18.5  per  cent 

Fatty  Bacon 

I  V^  inches 

7 
3.21  per  cent 

Ideal 

.5  per  cent 

9  per  cent 

9.5  per  cent 


I  %  inches 

8 

3.34  per  cent 

Ideal 

2.5  per  cent 

16  per  cent 

18.5  per  cent 

t 


I  ^4  inches 

9 
3.5  per  cent 

Ideal 

3  per  cent 

16  per  cent 

19.9  per  cent 


I  Va  inches 

8 

3.25  per  cent 

Ideal 

.5  per  cent 

9  per  cent 

9.5  per  cent 


I  'A 


inches 


3.73  per  cent 

Ideal 

.5  per  cent 

9  per  cent 

9.5  per  cent 


*  One   .'.nd   one-juarter  ounces 
t  One  and  one-half  ounces  of 


of    the   mixture   used    per   pound   of   bacon, 
the  mixture  used   per  pound  of  bacon. 


Test  E—8  pounds  salt,  5  pounds  hroivn  sugar,  5  ounces  saltpeter. 

The  ideal  bacon.— These  preliminary  tests  pointed  to  one  ounce  of 
the  8:3:3  curing  formula  as  about  the  right  amount  to  apply  per  pound 
of  bacon.  In  order  to  get  a  clearer  idea  of  what  constitutes  an  ideal  bacon, 
from  the  standpoint  of  salt  analysis  and  flavor,  samples  of  the  highest 
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grade  bacons  of  four  of  the  best  known  brands  sold  in  the  United  States 
were  analyzed.  These  analyses,  together  with  analyses  of  the  best  bacons 
that  had  been  produced  in  these  trials,  and  others  not  recorded  here, 
were  used  to  establish  the  ideal  bacon,  the  salt  content  of  which  is: 

Skin  Side  Center  Rib  Side 

I  per  cent  2  per  cent  4  per  cent 


Fig.  2. — Demonstrates  the  method  of  obtaining  the  bacon  sample. 

Test  F-2Y2  pounds  salt,  i  pound  granulated  sugar,  4  ounces  saltpeter, 
I  pound  of  jreezmg  p/V/?/e.-Samples  were  taken  from  a  packer's  vat 
using  this  cure  in  which  several  thousand  pounds  of  bacon  had  reached 
the  fortieth  day  in  cure  under  a  pressure  of  1500  to  1800  pounds.  The 
pressure  causes  the  brine  made  by  the  salt  and  the  meat  juices  to  come 
to  the  top  and  seal  the  vat,  making  a  convenient  method  of  storage  while 

Table  6.— Results  with  test  E;  controlled  temperature;  used  i  ounce  per 

pound  of  bacon^^ —-^-s— - 

~  Days  in  Cure 


Bacon  thickness 
Days  per  inch  in  cure 
Average  salt  content 
Flavor 

Shrink  in  cure 
Shrink,  aged  15  days 
Total  shrink 


iVi 


inches 

5 
2.53  per  cent 

iMild 

4  per  cent 

1 2  per  cent 

16  per  cent 


I  ^   inches 

5 

2.63  per  cent 

Mild 
4  per  cent 
1 2  per  cent 
16  per  cent 


the  bacon  is  curing.  The  right  amount  of  cure  having  been  added,  there 
is  no  danger  that  the  bacon  will  become  salty  even  if  cured  for  a  much 
longer  period.  The  analysis  of  this  bacon  is  given  in  table  7- 

To  check  further  on  the  use  of  i  ounce  of  8: 3: 3  per  pound  of  bacon 
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and  a  curing  schedule  of  7  days  per  inch  of  thickness  of  the  bacon,  14 
slabs  were  cured,  soaked  one-hair  hour,  smoked  and  aged  1 5  days.  The 
average  analysis  of  these  slabs  is  given  in  table  7  for  check  X.  The  salt 

Table  7. — Average  analysis  of  cured  bacon  (aged  samples). 


Per  Cent  Salt 


Flavor 


Skin  Side 


Center 


Rib  Side 


Ideal 
Test  A 
TestB 
Teste 

Test  D   (Lean) 
Test  D  (Fat) 
Test  E 
TestF 
Check  X 


I 

3.56 

I 

.58 
1.71 

.90 
1. 12 
1. 17 
1. 19 


2 

3.64 
2.09 
.66 
3.03 
3.06 
1.76 

2-34 
1.80 


4 
8.32 

5.04 

2.78 

8.59 

571 
5.60 

2.83 

4.65 


Mild 

Salty 

Mild 

Very  mild 

High  flavor 

High  flavor 

Mild 
Very  mild 

Mild 


content  of  the  rib  side  is  rather  high  in  most  of  the  tests,  because  the 
period  of  soaking  was  only  one-half  hour  instead  of  several  hours. 

All  the  trials  on  bacon,  up  to  this  point,  were  conducted  in  a  refrig- 
erated room  averaging  37°  F.  Tests  G  and  H  show  the  results  when 
bacon  was  dry  sugar-cured  at  uncontrolled  temperatures  ranging  from 
45°  to  55°  F. 

Table  8. — Results  with  test  G;  uncontrolled  temperature. 


Days  in  Cure 


12 


16 


Bacon  thickness 

Days  per  inch  in  cure 

Average  salt  content 

Flavor 

Shrink  in  cure 

Shrink  after  aging  30  days 


I  Vi   inches 

8 

3.49  per  cent 

Ideal 

4  per  cent 

14  per  cent 


I  V■^  inches 

9 
3.15  per  cent 

Ideal 

4  per  cent 

14  per  cent 


Test  G—8  pounds  salt,  5  pounds  broken  sugar ,  5  ounces  saltpeter —Ont 
rubbing,  using  i  ounce  of  the  mixture  per  pound  of  bacon. 

Table  9. — Results  with  test  H;  uncontrolled  temperature. 


Days  in  Cure 
10 


It 


Bacon  thickness 

Days  per  inch  in  cure 

Average  salt  content 

Flavor 

Shrink  in  cure 

Shrink  after  aging  30  davs 


I J4  inches 

7 
2.56  per  cent 

Mild 

4  per  cent 

16  per  cent 


I  Vi  inches 

7 
2.50  per  cent 

Mild 

5  per  cent 

16  per  cent 


I  2/3  inches 

7 
3.80  per  cent 

Mild 

3  per  cent 

12  per  cent 


Test  H—8  pounds  salt,  5  pounds  granulated  sugar,  ^  ounces  saltpeter, - 
One  rubbing,  using  i  ounce  of  the  mixture  per  pound  of  bacon. 
Figure  3  is  a  comparison  of  the  salt  content  of  bacons  cured  at  con- 
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trolled  and  uncontrolled  temperatures,  using  i  ounce  of  the  8:3:3  mix- 
ture per  pound  of  bacon.  The  higher  curing  temperatures  did  not  have 
any  noticeable  effect  on  the  rate  of  sale  penetration  in  the  dry  sugar 


SUBSAMPLE    I 

Skin  Side 


Subs  ample  2 

Center 


:3UBsample  3 
Rib  Side 


Fig.   3. — Comparison   of  the  salt  content   of  bacons  cured  at  controlled 
and  uncontrolled  temperatures.    The  solid  line  represents  bacons  cured  at 


37" 


F;  the  broken  line,  at  50°  F. 


Fig.  4.-Rule  with  sliding  right-angle  arm  for  measuring  hams. 


'^mismm. 


8 
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curing  of  bacon.  The  higher  temperatures  did  not  produce  any  "off" 
flavors  where  the  curing  period  w  as  short. 

METHODS  USED  IN  TESTING  HAMS 

Whenever  possible,  both  the  right  and  the  left  hams  from  the  same 
hog  \\  ere  put  into  cure.  They  were  measured  for  thickness  through  the 


14.70 

5 

13.86 

4 

1             10.21 

3 

1  1.95 

2 

4.22 

1^ 

A                    — - 

Fig.  5- — Composite  of  the  analysis  of  numerous  hams  aged  30  days  and 
dry-cured  at  controlled  temperatures  (37°  F),  showing  the  percentage  of 
salt  at  different  thicknesses. 

cushion  directly  behind  the  H-bone,  and  the  measurements  and  green 
weights  recorded.  The  measurements  were  taken  with  a  rule  hav'ing  a 
sliding  right  angle  arm,  fig.  4.  The  rule  was  graduated  in  inches  and  each 
inch  w  as  divided  into  seven  equal  parts,  to  represent  days.  The  right  and 
left  hams  were  removed  from  cure  at  the  same  time  and  soaked  in  water 
at  60°  F  for  two  hours  to  remove  the  excess  salt  from  the  surface.  Weights 
were  taken  at  the  time  of  their  removal  from  the  cure.  One  ham  w^as 
sampled  before  being  smoked;  the  other  w^as  smoked  and  held  for  30  or 
60  days,  after  w  hich  it  was  sampled.  The  aged  smoked  ham  served  as 
the  check  ham.  It  was  sampled  for  analysis  and  was  given  a  cooking  test 
for  flavor,  aroma  and  saltiness. 

Each  ham  was  sampled  by  removing  a  slice  i  inch  thick  directly  back 
of  the  H-bone  fi)  at  the  same  location  that  the  measurement  was  taken. 
From  the  center  of  this  cut  a  piece  3  inches  wide  was  removed  and 
divided  into  five  equal  horizontal  sections,  fig.  5.  Each  of  these  was 
ground  separately  in  a  food  chopper. 

The  sample  from  the  outside  was  designated  as  subsample  i,  and  the 
sample  from  the  H-bone  side  or  inside  as  subsample  5.  On  each  of  these 
and  on  the  three  center  subsamples,  moisture  and  chlorine  were  de- 


termined. In  this  M^ay  an  analysis  was  obtained  of  the  entire  center  cross- 
section  of  the  ham. 

The  amount  of  salt  present  in  each  subsample  was  calculated  from  the 
chlorine  content,  determined  by  the  wet-digestion  method  as  given  by 
Davies  (2).  A  5-gram  sample  of  the  ground  meat  was  weighed  into  an 
Erlenmeyer  flask  and  to  it  w  as  added  an  excess  of  one-tenth  normal  silver 
nitrate,  10  cc.  of  saturated  potassium  permanganate  solution,  and  25  cc. 
of  concentrated  nitric  acid.  This  mixture  was  boiled  vigorously  until  all 
solid  particles  of  the  meat  were  completely  digested,  the  average  time  re- 
quired being  about  20  minutes.  Perforated  glass  beads  were  used  to 
prevent  bumping  during  digestion.  The  solution  was  then  cooled  by  im- 
mersing the  flask  in  cold  water.  When  cool,  the  excess  of  silver  nitrate 
was  titrated  with  potassium  thiocyanate  in  the  presence  of  2  cc.  of  sat- 
urated ferric  alum  and  10  cc.  of  acetone.  By  having  a  total  volume  of  not 
more  than  100  cc,  an  easily  distinguishable  brownish  red  end  point  was 
obtained  without  filtering  off  the  white  precipitated  silver  chloride  from 
the  yellow  solution  resulting  from  the  digestion.  A  blank  determination 
on  fresh  pork  showed  it  to  be  so  low  in  chlorine  as  not  to  influence  the 
results  obtained  in  this  study,  in  wiiich  relatively  large  quantities  of  salt 
were  present. 

DRY  SUGAR-CURING  HAMS 

Salt  absorption  in  ham.— Tests  were  conducted  on  both  the  regular 
and  skin-back  style  hams  under  both  controlled  and  uncontrolled  cur- 
'm{y  room  temperatures. 

Test  l-Skin-back  havis  packed  m  pla'm  salt,  no  riibbijig.-Thc  hams 
averaged  1 3  pounds  and  measured  4/2  inches  in  diameter. 

Table  10.— Results  with  test  I;  controlled  temperature. 


Days  in 

Width  of 

SUB- 

Per  Cent 

Subsamples 

Cure 

SAMPLE, 

Tx. 

Salt  (D.AI.) 

I 

20 

•9 

1.27 

2 

20 

•9 

.92 

3 
4 

20 

•9 

142 

20 

^ 

6.80 

5 

20 

.9 

27.70 

These  hams  had  absorbed  sufficient  salt  in  the  outside  i-inch  layer 
in  20  days  (4/2  days  per  inch)  so  that  the  remainder  of  the  cure  could 
take  place  while  they  were  hanging  and  aging. 

Test  J-Regular  haws  packed  in  salt  and  saltpeter,  one  nibbing.-Two 
and  one-half  ounces  of  saltpeter  were  mixed  with  2  pounds  of  salt  and 
rubbed  into  103  pounds  of  ham.  Ten  pounds  of  salt  were  poured  over  the 
hams  after  they  had  been  packed  in  the  tub.  The  tub  had  a  perforated 
bottom. 


^^^^^f^ii»^^5i3^ 
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Test  J  represents  a  curing  practice  that  is  quite  common  on  farms.  The 
cooking  tests  graded  the  salt  content  as  ideal  but  the  color  was  uneven 
and  the  hams  were  rather  tough.  The  objection  to  curing  hams  in  this 
manner  is  that  they  must  be  removed  at  the  right  time  or  they  become 
too  salty. 

A  similar  test  was  made  on  hams  cured  in  a  barrel  with  no  drainage. 
The  brine  that  was  formed  in  the  barrel  was  sufficient  to  cover  the  first 
layer  of  hams.  Every  three  days  the  hams  were  repacked  so  that  each  ham 
remained  in  the  brine  the  same  period.  At  the  end  of  20  days  the  hams 
were  cured  and  graded  as  slightly  salty.  (A  very  good  idea  of  the  salt 
equahzation  that  takes  place  by  aging  hams  30  days  after  they  are  re- 
moved from  the  cure  is  shown  in  the  analysis  of  table  1 1 . 

Table   11. — Results  with  test  J;  Analysis  at  end  of  cure;  hams  washed 
but  not   soaked. 


Lbs. 
Wt. 

Inches 
Diameter 

Days 
IN  Cure 

Days 
PER    Inch 
IN   Cure 

1 

Test 
2 

J    Su 

3 

bsamples 

4 

5 

14V2 

161/2 

201/2 

5 

51/2 
6 

20 
35 
42 

4 

6V2 

7 

.64 
3.91 
2.93 

.84 
2.22 
3.62 

.81 
2.05 
4.40 

1.78 

9.37 

11.85 

8.47 
20.22 
22.16 

Check  Hams — Aged  SO  Days 

141/4 
I6I/4 
21 

5 

51/2 
6 

20 
35 
42 

4 

61/2 

7 

.95 

3.25 
1.98 

4.03 
9.56 
5.64 

3.93 
8.63 
6.54 

7.84 
12.92 
11.88 

11.48 
15.05 
14.60 

Test  X.— Skin-back  hams  were  given  one  rubbing  of  a  mixture  of  2 
pounds  salt  and  2/2  ounces  saltpeter.  Four  pounds  of  salt  were  then 
sprinkled  over  the  packed  hams.  The  total  amount  of  salt  used  approxi- 
mated I  i/io  ounces  per  pound  of  ham. 

The  hams  contained  only  2  /z  per  cent  less  salt  than  the  hams  in  test 
J  cured  for  the  same  period  and  averaging  i  inch  less  in  diameter.  Such 
methods  of  curing  are  rather  inaccurate  and  are  not  to  be  recommended 
because  a  great  deal  of  the  salt  is  inactive;  it  lies  in  the  bottom  and  is  not  in 
contact  with  the  ham. 

Test  L.— This  was  a  test  on  dry  sugar-cured  hams  trimmed  regular  as 
against  hams  trimmed  skin-back  when  cured  under  a  controlled  tempera- 
ture of  37°  F.  Part  of  the  test  is  reported  in  table  12,  which  is  a  partial 
reproduction  of  the  form  in  which  records  were  tabulated.  The  analysis 
for  salt  shows  the  percentage  of  salt  computed  on  a  dry  matter  basis, 
although  the  complete  records  also  show  the  percentage  of  salt  on  a 
moisture  basis  and  the  dry  matter  content.  This  test,  with  others,  revealed 
little  difference  in  the  rate  of  cure  between  skin-back  and  regular  hams 
when  cured  with  the  cushion  side  up.  Hams  i  and  2  are  right  and  left 
hams,  as  are  3  and  4  and  la  and  2a  and  3a  and  4a.  Hams  1,2,  la  and  3a  are 
check  hams  for  hams  3, 4,  2a  and  4a.  The  check  hams  were  analyzed  after 
they  had  aged  30  days.  A  similar  test,  in  which  the  position  of  the  hams 
was  reversed,  showed  a  decided  difference  in  favor  of  the  skin-backs. 

These  tests  did  not  include  any  investigation  into  the  proteolytic  or 


enzymatic  action  that  may  take  place  in  the  aging  process.  It  is  concerned 
with  the  evenness  of  the  salt  distribution  and  its  effect  on  the  flavor  as 
a  result  of  the  method  of  curing.  In  every  instance  where  the  analysis  of 
the  check  ham  or  bacon  which  was  aged  was  compared  with  the  analysis 
of  its  corresponding  piece  just  out  of  cure,  this  equalization  of  salt  and 
enhanced  flavor  was  outstanding.  In  other  words,  a  freshly  smoked  ham 
is  not  comparable  to  an  aged  ham  unless  the  aging  is  accomplished  in  a 

Table  12. — Results  with  test  L;  dry  sugar-cure  (8:3:3  using  brown  sugar); 
curing  room  temperature  37 ""  F. 


Hams 

(Regular) 

48   Hr. 

Chill 

Hams     (S 

kin-back) 

24   Hr. 

Chill 

In    Cu 

RE    10/11/33 

In 

Cure 

11/1/33 

Ham   No. 

1 

2 

3 

4 

la 

2a 

3a 

4a 

Lbs.    green    wt. 

15.8 

16.6 

15.9 

16.5 

15.8 

15.0 

14.5 

15.0 

Wt.    cured 

15.2 

15.8 

15.2 

15.8 

15 

14.2 

13.8 

14.2 

Wt.    aged    30    da. 

13.4 

14 

14.2 

12.8 

Shrink 

2.4 

2.6 

1.6 

1.6 

Diam.    (inches) 

5V2 

5y2 

^Vi 

51/2 

5V2 

51/7 

5^4 

5^4 

Center  temp.    F 

36° 

36«> 

35° 

35° 

48° 

48° 

47° 

47° 

Days    in    cure 

28 

55 

28 

35 

40 

40 

33 

33 

Date  out 

11/8 

11/15 

11/f 

11/15 

12/11 

12/11 

12/4 

12/4 

Date  of  check 

12/8 

12/15 

1/11/34 

1/4 

Soak    (minutes) 

50 

60 

50 

60 

80 

80 

65 

65 

Ounves     ot     cure 

16 

16 

16 

16 

16 

15 

15 

15 

Flavor 

Good 

Good 

Good 

Good 

Salt 

Mild 

Mild 

Mild 

Mild 

Subsample    No. 

Per 

Cent    Salt 

m    Hams, 

Compu 

ted    on    Basis    of 

Dry 

Matter 

1 

2.25 

1.50 

2.77 

2.83 

2.99 

1.68 

2.84 

1.78 

-» 

8.50 

8.49 

2.10 

2.80 

11.25 

5.19 

8.61 

4.31 

3 

8.84 

8.97 

2.50 

3.08 

9.70 

3.70 

9.27 

3.64 

4 

9.29 

8.46 

7.39 

6.94 

10.71 

6.95 

10.  18 

8.71 

5 

11.87 

10.82 

13.32 

12.33 

11.83 

13.52 

11.64 

12.52 

weaker  cure  over  an  extended  curing  period.  This  is  possible  and  prob- 
ably advisable  in  controlled  curing  cellars,  but  to  age  in  the  smoke  is  safer 
for  the  farmer. 

Test  Af.— Other  trials  were  conducted  to  find  the  exact  amount  of  cur- 
ing mixture  to  apply  per  pound  of  fresh  ham  to  produce  a  mild-flavored 
cured  ham.  Lack  of  space  will  not  permit  details  of  the  results  being  in- 
cluded in  this  bulletin.  It  must  suffice  to  say  that  i  to  i  J4  ounces  of  the 
8:3:3  (using  either  brown  or  granulated  sugar)  per  pound  of  ham,  ap- 
plieci  in  three  rubbings  and  left  to  cure  a  minimum  of  seven  days  per  inch 
of  thickness  through  the  H-bone,  produced  the  desired  results.  Granu- 
lated sugar  in  the  mixture  was  more  desirable  than  brown  sugar,  not  only 
because  it  mixed  more  thoroughly  and  handled  better  but  it  appeared  to 
speed  up  salt  penetration  because  of  its  own  solubility.  Figure  5  is  a  com- 
posite of  the  analysis  of  numerous  hams  aged  30  days  which  were  dry 
sugar-cured  at  controlled  temperatures  (37°  F),  using  i  ounce  of  8:3:3 
(8  pounds  salt,  3  pounds  granulated  sugar,  3  ounces  of  saltpeter)  per 
pound  of  ham,  and  cured  seven  days  per  inch  of  thickness.  All  the  hams 
had  good  color,  kept  well,  and  graded  as  mild. 

These  tests  showed  that  three  thorough  riibb'mgs  are  required  to  apply 
I  to  iV^  ounces  of  cure  per  pound  of  ham.  It  is  not  necessary,  therefore, 
to  weigh  the  ham  or  the  amount  of  cure  required  for  each  ham.  In  bacon, 
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it  was  found  that  one  thorough  rubbing  would  use  i  ounce  of  the  cure 
per  pound.  Since  this  is  the  right  amount  to  give  the  ideal  cure,  there  is  no 
danger  of  oversalting,  as  is  the  case  w  here  the  cure  is  appHed  by  packing. 

Uncontrolled  temperatures.— The  tests  on  the  dry  sugar-curing  of 
hams  at  45  to  50°  F  resulted  in  a  product  having  more  desirable  color  and  a 
more  uniform  salt  distribution  than  the  hams  cured  at  the  lower  tempera- 
tures. Repeated  analyses  did  not  indicate  a  more  rapid  movement  of  the 
salt  but  there  was  a  slightly  greater  concentration  at  the  same  speed 
under  these  higher  temperatures. 

Temperatures  ranging  between  50°  and  60°  F  were  not  conducive  to 
safe  curing  although  hams  were  successfully  cured  at  a  room  temperature 
of  60°  to  65°  F  for  40  days.  These  hams  had  been  dusted  with  a  coarse  oat 
flour.  Unless  pork  has  been  properly  handled  in  slaughtering  (not  over- 
heated or  in  heat,  and  bled  out  well)  and  thoroughly  chilled,  the  higher 
curing  temperatures  may  prove  disastrous.  Of  the 'more  than  50  hams 
dry  cured  at  uncontrolled  temperatures,  only  one  spoiled,  which  was  a 
very  low  percentage  when  compared  to  the  percentage  lost  in  brine-cur- 
ing at  the  same  temperatures. 

The  ideal  ham.-Itwasdeemednecessary,  for  the  sake  of  comparison, 
to  set  up  some  standard  or  ideal  for  analytical  comparison.  This  was  ac- 
complished by  sampling  different  well-known  brands  of  packer's  hams 
and  testing  them  organoleptically  and  chemically.  These,  together  with 
the  best  hams  that  were  produced  in  these  tests,  were  used  in  making  the 
classification  shown  in  table  13. 

Table  13. — Per  cent  of  salt  in  the  ideal  ham. 


Subsample 

No. 

\^ 

ERY  iMl 

ILD 

Ideal 

H 

IGH  Fl 

AVOR 

Salty 

I 

2-4 

4-5 

6 

7 

2 

8-10 

10-12 

13 

16 

3 

8-10 

10-12 

13 

16 

4 

10-12 

12-14 

15 

18 

5 

10-12 

12-14 

15 

18 

To  check  further  on  the  amount  of  cure  necessary  to  produce  the  ideal 
ham  by  the  use  of  the  8: 3: 3  formula,  other  tests  showed  that  while  three 
rubbings  gave  the  desired  product  when  hams  measured  under  5  V2  inches, 
5/4  to  6!^-inch  hams  ranging  around  20  to  30  pounds  required  four 
rubbings.  The  curing  period  of  seven  days  per  inch  of  thickness  also 
applied  to  the  heavier  hams.  The  four  rubbings  used  about  i  Vi  ounces 
of  the  formula  per  pound  of  ham. 

CONCLUSIONS  ON  DRY  SUGAR-CURING 

(i)  Dry  sugar-curing  was  the  most  satisfactory  method  of  curing 
pork  where  controlled  temperatures  were  not  available. 

(2)  Controlled  curing  room  temperatures  of  40°  to  45°  F  were  best 
adapted  to  dry  curing. 


(3)  A  range  in  temperature  from  35°  to  60°  F  did  not  have  an  appre- 
ciable effect  on  the  rate  of  salt  penetration. 

(4)  Eight  pounds  of  salt,  3  pounds  of  granulated  sugar  and  3  ounces 
of  saltpeter,  thoroughly  mixed  and  applied  at  the  rate  of  three-quarters 
to  I  ounce  per  pound  of  bacon  (one  rubbing)  and  i  to  1V2  ounces  per 
pound  of  ham  (three  rubbings  for  hams  under  20  pounds  or  under  5/2 
inches,  and  four  rubbings  for  hams  over  20  pounds  or  over  5/2  inches  in 
thickness)  produced  hams  and  bacon  that  graded  mild. 

(5)  Seven  days  per  inch  of  thickness  is  the  minimum  number  of  days 
in  which  hams  or  bacon  should  remain  in  dry  cure.  Overcuring  is  im- 
possible in  this  method  when  the  brine  is  allowed  to  drain  off  as  formed. 
Shelf  curing  is  recommended. 

(6)  Soaking  meats  and  allowing  them  to  dry  24  hours  before  smoking 
produced  a  more  uniform  color  than  that  of  unsoaked  meats. 

(7)  The  major  salt  movement  takes  place  from  the  cushion  side  of  the 
ham  and  the  rib  side  of  the  bacon.  Salt  absorption  by  the  fat  is  slow. 

( 8  )  Skin-back  hams  dry-cure  more  rapidly  than  hams  trimmed  regular 
(all  fat  and  skin  left  on). 

SWEET-PICKLE   CURE 

The  most  wideK^  practiced  method  of  curing  fresh  hams  is  by  the  use 
of  a  sweet  pickle.  This  is  a  brine  made  by  dissolving  the  curing  ingredients 
in  sufficient  water  to  make  the  strength'of  pickle  desired.  Picnic  shoulders 
and  shoulder  butts  are  also  generally  cured  in  sweet  pickle,  but  bacon  is 
usually  dry-cured.  Because  the  salt  flavor  in  these  products  must  be  mild 
and  the  color  of  the  meat  attractive,  the  curing  cellar  operations  of  pack- 
ing houses  are  rigidly  supervised.  Temperature  control  of  the  curing 
cellar  is  much  more  important  in  sweet  pickle  curing  than  in  the  dry  cure. 

The  large  muscles  of  a  ham  are  quite  dense  and  do  not  take  up  salt  so 
readily  as  the  loosely  muscled  pork  shoulders  or  the  flat  bacon  sides.  A 
great  deal  of  ham  spoilage  occurs  in  the  center,  around  the  joint,  before 
the  salt  penetrates  to  that  point.  To  offset  this,  it  is  a  good  practice  to  in- 
troduce a  pumping  pickle  (about  10  degrees  stronger  that  the  outside 
pickle)  into  the  center  of  the  ham  just  before  it  is  placed  in  the  s\v  eet 
pickle.  This  is  known  as  pumping  a  ham.  A  simple  plunger  type  of  pickle 
pump  is  shown  in  fig.  6. 

The  early  introduction  of  pumping  pickle  into  the  center  of  the  ham 
inhibits  the  development  of  putrefactive  bacteria  and  the  ham  cures  froni 
the  inside  and  outx\ ard  as  well  as  from  the  outside  and  inxxard.  In  several 
trials,  the  curing  period  of  30-pound  hams  which  were  pumped  was 
shortened  one  third.  The  time  saving  depends,  of  course,  on  the  amount 

of  pump  pickle  used.  ^    ^  1  •    .1  ^ 

Both  saltpeter  (KNO,)  and  sodium  nitrite  (NaNo,)  were  used  in  the 

sweet-pickle  formula.  Several  trials  in  which  corn  syrup  replaced  granu- 
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"lated  suger  showed  that  corn  syrup  is  preferable  from  the  standpoint  of 
the  color  imparted  to  the  meat.  Different  degrees  of  sweet  pickle  were 
used,  table  i,  and  the  water  always  was  boiled  before  adding  the  curing 
ingredients. 


Fig.  6. — Simple  plunger  type  of  pickle  pump. 

Testing  the  strength  of  the  pickle.— The  fresh  egg  test  has  proved 
rather  inaccurate  because  the  egg  will  float  in  a  50°  pickle  as  well  as  in  a 
100°  pickle.  The  same  is  true  of  the  potato  test.  Unfortunately,  little  can 
be  said  in  favor  of  some  salimeters.  Of  two  salimeters  purchased  for  this 
work,  one  was  off  8  degrees  when  checked  against  specific  gravity.  The 
other  was  accurate,  table  i . 

Pork  must  be  thoroughly  chilled.-Removal  of  animal  heat  dur- 
ing the  first  1 2  hours  after  slaughter  is  vital  to  the  keeping  quality  of  pork. 
Practically  all  of  the  complaints  of  pork  spoilage  that  have  come  to  this 
Experiment  Station  have  been  in  connection  with  the  brine-cure  method, 
particularlv  in  mild  winters. 

A  thorough  chilling,  or  even  freezing,  w  ill  assure  a  greater  measure  of 
success  in  the  curing  operation.  Several  tests  were  made  on  curing  hams 
that  had  been  held  in  a  temperature  of  37°  F  for  two  weeks  before  thev 
were  placed  in  sweet  pickle.  The  hams  cured  in  excellent  shape  and  were 
far  more  tender  than  hams  which  had  a  24  to  48-hour  chill. 

Where  uncontrolled  temperatures  are  used,  some  cracked  ice  should  be 


aided  to  the  curing  pickle.  With  large  hams,  an  injection  of  cold  brine 
into  the  center  of  the  ham  before  placing  them  in  cure  is  advantageous. 

Rarely  is  it  advisable  to  cut  up  pork  while  it  is  still  warm.  The  best  time 
ti)  slaughter  hogs  on  the  farm  is  during  the  afternoon.  This  provides  a 
chance  for  the  carcass  to  become  thoroughly  chilled  overnight  and  makes 
it  possible  for  the  cutter  to  make  a  presentable  job  of  cutting  the  carcass 

Table  14. — Percentages  of  salt  in  ham  subsamples. 


SUBSAMPLE 

— __s 

No. 

Cures 

AND  Days 

PER 

Inch   in 
75°  Pickle 

Each 

75°  Pickle 

85°  Pickle 

ly 

Pickle 

at  34"  F 

at  50°  F 

at  34°  F* 

at  34°  F 

7  days 

8  days 

9  days 

11  days 

9   days 

9   days 

9   days 

Out    of   , 

Brine 

1 

1.46 

1.51 

2.71 

2.89 

4.32 

4.13 

3.90 

2 

3.60 

2.77 

5.06 

6.02 

6.59 

6.37 

6.74 

3 

3.25 

3.12 

5.60 

7.12 

5.48 

5.62 

6.11 

4 

9.17 

9.77 

9.96 

10.5 

11.20 

12.29 

16.99 

3 

17.4 

17.95 

18.44 

17.61 

15.48 

20.37 

24.71 

Check — Aged  30  Days 

1 

2.09 

3.06 

3.42 

3.67 

3.68 

4.69 

4.20 

2 

7.82 

8.98 

8.23 

9.60 

10.01 

10.70 

10.35 

3 

7.42 

8.14 

8.98 

9.53 

9.14 

12.28 

10.02 

4 

10.10 

12.85 

14.16 

16.13 

12.86 

.14.63 

14.90 

3 

11.91 

12.08 

14.12 

16.96 

13.98 

16.58 

15.82 

Check — Aged 

60  . 

Days 

1 

2.71 

3.10 

3.62 

4.02 

2 

9.30 

11.32 

11.45 

11.85 

3 

9.33 

10.61 

12.23 

12.06 

4 

9.76 

9.10 

10.85 

11.72 

5 

9.92 

8.49 

10.41 

11.98 

*  Combination  cure:     hams  rubbed  with    IV2  pounds  of  salt  per   100  pounds  of  ham   18  hours 
before  placing   in   pickle. 

the  next  day.  Even  the  best  butcher  will  hackle  a  warm  carcass.  If  the 
weather  should  turn  warm  and  refrigeration  is  not  available,  it  will  be 
necessary  to  cut  the  carcass,  place  the  cuts  in  a  tub  or  barrel,  and  cover 
the  top  with  cracked  ice. 

To  test  the  effect  of  chilling  warm  pork  in  a  cold  sweet  pickle,  six  hams 
averaging  1 7  pounds  each  were  removed  from  hog  carcasses  immediately 
after  slaughter.  The  inside  temperature  of  the  hams  was  100°  F.  A  sweet 
pickle  had  been  made  the  previous  day  and  chilled  to  34°  F.  The  warm 
hams  were  placed  in  the  cold  brine  and  the  cure  progressed  at  a  curing 
room  temperature  of  37°  F.  The  hams  cured  satisfactorily  but  salt  ab- 
sorption did  not  progress  any  more  rapidlv  than  in  the  chilled  pork. 

Another  test  was  made  on  hams  that  had  chilled  in  the  carcass  for  eight 
hours  at  a  temperature  of  37°  F.  The  inside  temperature  of  the  hams 
averaged  52°  F  when  placed  in  an  85°  pickle  which  registered  40°  F.  The 
hams  averaged  15V2  pounds  each  and  were  5/2  inches  thick.  The  curing 
room  temperature  averaged  50°  F.  The  only  hams  which  did  not  spoil 
were  the  first  two  that  were  removed  at  the  end  of  28  days.  These 
analyzed  as  very  mild. 

Combination  cure.-Hams  5  inches  thick,  that  had  been  removed  from 
carcasses  chilled  24  hours  at  37°  F,  were  rubbed  with  1/2  pounds  of  salt 
per  100  pounds  of  ham  and  left  on  a  table  over  night  to  absorb  the  rub. 
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The  next  morning  they  were  placed  in  a  75°  pickle  and  cured  at  a  room 
temperature  of  50°  F.  These  hams  were  cured  35  days  or  at  the  rate  of 
seven  days  per  inch.  They  came  out  of  cure  in  excellent  condition  and 
graded  as  mild,  table  14. 

Other  hams  that  had  been  chilled  24  hours  were  handled  the  same  way 
except  that  the  curing  room  temperature  averaged  58°  F.  The  brine 
soured  in  a  period  of  three  weeks.  Instead  of  renewing  the  brine,  all  the 
hams  were  removed  on  the  twentv-third  day  and  hung  in  a  refrigerator 
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Fig.  7.— Salt  analysis  of  hams  cured  in  75°  pickle.  The  broken  line 
represents  the  ideal  (mild)  ham;  the  solid  line  represents  hams  that  were 
pickled  for  11  days  per  inch  of  thickness. 

(37°  F)  for  another  30  days  before  smoking.  These  hams,  also,  were  in 
excellent  condition  and  graded  as  very  mild. 

The  75°  sweet-pickle  cure.— Eight  tests  were  conducted  involving 
47  hams  which  \vere  cured  for  a  period  of  7,  8,  9  and  1 1  days  per  inch  of 
thickness  in  a  75°  pickle  at  34°  F.  The  results  appear  in  table  14. 

These  hams  weighed  14  to  17  pounds  and  were  4/2  to  5J4  inches  thick. 
A  curing  period  of  1 1  days  per  inch  produced  the  most  satisfactory 
product  as  measured  by  salt  analysis,  flavor  and  keeping  quality.  There 
was  a  very  noticeable  slowing  up  of  salt  absorption  by  the  pork  that  was 
cured  in  sweet  pickle.  It  required  four  more  days  per  inch  of  thickness 
to  cure  hams  in  75°  pickle  than  was  required  to  secure  the  same  results  by 
dry  curing. 

Figure  7  shows  the  comparative  analysis  between  the  ideal  (mild)  ham 
and  the  hams  that  were  pickled  for  1 1  days  per  inch  of  thickness.  Salt 
equalization  is  again  well  illustrated  in  the  aged  hams. 

Table  14  gives  the  analysis  of  hams  cured  in  a  75°  pickle  but  at  uncon- 
trolled temperatures.  A  slight  increase  in  salt  absorption  is  evident,  with 
a  noticeably  greater  salt  equalization. 

The  85°  sweet-pickle  cure.— Table  14  also  gives  the  salt  content  of 
a  number  of  hams  cured  in  an  85°  pickle.  The  curing  period  was  two 
days  less  per  inch  of  thickness  than  was  necessary  in  the  75°  pickle.  The 
danger  of  spoilage  was  less,  particularly  where  a  comparison  of  the  75"" 


and  the  85°  pickle  was  made  under  uncontrolled  temperatures.  The 
analysis  of  hams  cured  at  uncontrolled  temperatures  was  practically  the 
same  as  for  those  cured  at  controlled  temperatures. 

Sweet-pickled  bacon.— Although  it  is  not  a  common  practice  among 
pork  processors  to  pickle  bacon,  it  is  a  convenient  way  for  farmers  who 
pickle  hams  and  shoulders  to  cure  the  side  meat  in  the  same  barrel.  The 
bacon  should  be  placed  in  the  top  of  the  barrel,  because  of  the  necessarily 
short  curing  period. 

Table  15. — Sweet-pickled  bacon,  check  samples  aged  30  days  after  removal 
from   pickle. 


Degree  of 
Pickle 


65 

75 
85 


65 

75 

>5 


8.-° 


Days  per  Inch 

IN  Cure 

Per  Cent  of 

Salt 

Skin  Side 

Middle 

Rib  Side 

Mild  Flavor 

7 

.88 

1.98 

3-27 

5 

.90 

241 

3.90 

4 

•94 
Hi^h  Flavor 

2-33 

3-79 

9 

1-74 

2.51 

3.65 

7 

2.10 

3-«9 

4.81 

6 

243 
Ideal  Flavor 

3. II 

6.42 

1. 00 

2.00 

4.00 

Sixty  sides  of  bacon  were  used  in  the  tests  reported  in  table  15.  These 
results  apply  to  bacon  cured  at  both  controlled  and  uncontrolled  tem- 
peratures, since  there  was  no  noticeable  difference  between  the  two. 
Pickle  of  three  different  strengths  were  used.  The  curing  period  was  for 
a  specified  number  of  days  per  inch  of  thickness. 

While  mild-cured  bacon  is  preferred  by  many,  the  high  flavor  grade  is 
bv  no  means  objectionable.  The  analyses  in  table  15  are  for  the  check 
samples  that  were  aged  30  days  after  they  were  removed  from  the  pickle. 

Table  15  may  serve  as  a  guide  for  those  who  use  sweet-pickle  cure 
for  bacon. 

CURING  HAMS  AT  SUBFREEZING  TEMPERATURES 
Only  10  hams  were  used  in  this  preliminary  test;  the  results  are  pre- 
sented without  recommendations  until  further  work  is  done.  The  hams 
were  placed  in  an  85°  pickle  and  cured  in  a  room  where  the  temperature 
averaged  20°  F.  The  length  of  cure  was  7,  8  and  9  days  per  inch  of  thick- 
ness AH  of  the  hams  were  frozen  solid  when  they  came  out  of  the  pickle 
except  the  outside  layer  of  the  ham  about  i  inch  deep.  They  were  hung 
Sa  tLperature  of  37°  F  for  several  days  to  thaw,  after  which  they  were 
soaked  several  hours  and  then  smoked.  . 

The  outstanding  characteristic  of  these  hams  was  their  tenderness. 


wm'^mm: 


i8 


Pennsylvania  Agricultural  Experiment  Station 


Bulletin  355 — Rate  of  Salt  Absorption 


19 


They  also  had  excellent  flavor.  The  analysis  of  the  hams  just  out  of  cure 
showed  less  than  i  per  cent  salt  in  the  center  but  the  check  hams  that 
were  aged  six  weeks  had  6  to  8  per  cent  salt  in  the  center  and  graded  as 
very  mild. 

COMPOSITE  OF  THREE  HAMS 

To  determine  the  salt  content  of  the  entire  ham,  a  representative  ham 
was  taken  from  three  groups  which  had  been  cured  differently.  The  skin, 
fat  and  lean  were  ground  separately  and  analyzed. 

Table   16.— Per  cent  of  salt  in  entire  hams. 


Ham  No. 

Lean 

Fat 

Skin 

5-14 
3.78 

4-15 

Sugar 

Av.  Salt 
Content 

I 
2 

3 

8.52 
10.73 
11. 18 

1.89 
3. II 
2.83 

•95 
.63 

5-99 
8.43 

8.15 

Ham  I  was  cured  seven  days  per  inch  in  75°  pickle.  Ham  2  was  cured 
seven  days  per  inch  in  dry  sugar  cure  ( i  ounce  per  pound  of  ham).  Ham 
3  was  cured  seven  days  per  inch  in  dry  salt  cure  (three-quarters  ounce 
per  pound  of  ham). 

CURING  ON  THE  BASIS  OF  DAYS  PER  POUND 

In  a  study  of  the  weight  of  hams  versus  their  thickness,  it  was  found 
that  the  following  curing  schedule  could  be  used  for  hams: 
75°  pickle  cure,  three  days  per  pound  of  ham. 
85°  pickle  cure,  two  and  one-half  davs  per  pound  of  ham. 
90°  pickle  cure,  two  days  per  pound  of  ham. 
Dry  sugar  cure  (using  I'ounce  per  pound)  cure  two  days  per  pound 

(minimum). 
Bacon  must  be  cured  on  a  basis  of  thickness. 

Table  1 7  shows  the  effect  of  soaking  dry-cured  bacons  from  the  right 
Table  17.— Effect  of  soaking  bacon  for  its  salt  content. 


Sample  No. 

Skin  Side 

Middle 

Rib  Side 

Washed  But  Not  Soaked 

iR 
2R 

3R 
4R 

Average 

1.51 
2.90 

2.78 
1.50 

2,n 

1.79 
2.51 
1.94 

1-43 
1.^2 

6.28 
8.25 
4.88 
5.69 

6.2"] 

Checks 

Soaked  One  and  One-half 

Hours 

t 

s 

1 

4 
Average 

•97 
2.60 

2.22 

1-34 

2.76 

1.85 

4.50 
7.03 

3^i4 

•97 

1.07 

4-94 

and  left  side  of  four  hogs  for  one  and  one-half  hours.  Each  bacon  received 
I  ounce  of  the  dry  sugar-cure  8:3:3  per  pound  of  bacon  and  was  cured 
seven  days  per  inch  of  thickness.  The  analyses  show  a  removal  of  27  per 
cent  of  the  salt  by  soaking  one  and  one-half  hours. 

The  salt  content  of  the  outside  of  the  hams  was  reduced  i  to  3  per  cent 
in  two  hours  of  soaking.  This  is  sufficient  to  remove  the  excess  on  the 
outside  in  order  to  avoid  the  formation  of  salt  streaks  in  the  smokehouse. 
Hams  that  have  been  overcured  or  cured  in  a  strong  pickle  should  be 
soaked  in  cool  water  over  night. 

PRACTICAL  APPLICATIONS 

Slaughtering  should  be  done  about  3  o'clock  in  the  afternoon,  so  that 
the  carcasses  may  chill  over  night.  The  dry  sugar-cure,  the  sweet-pickle 
cure,  or  the  combination  cure  may  be  used.  The  dry  sugar-cure  is  rec- 
ommended. Trim  the  hams  skin-back  style  (it  is  a  waste  of  good 
lard  to  trim  them  regular)  and  determine  the  weight  of  all  the  cuts  to 
be  cured. 

Mix  8  pounds  of  salt,  3  pounds  of  granulated  sugar  and  3  ounces  of 
saltpeter.  This  will  cure  179  pounds  of  meat  if  used  at  the  rate  of  i  ounce 
per  pound;  or  about  143  pounds  if  used  at  the  rate  of  i  !4  ounces  per 
pound,  as  is  recommended  for  dry-curing  hams.  The  curing  ingredients 
are  cheap;  hence  the  amount  mixed  is  not  so  important  as  the  amount 
used.  Rub  the  bacons  thoroughly  (this  takes  i  ounce  per  pound).  The 
bacons  require  only  one  rubbing,  the  shoulders  two  rubbings,  and  the 
hams  three  at  about  five-day  intervals. 

Place  the  meat  on  a  shelf  or  in  a  box  or  barrel  with  drainage  and  in  a 
room  where  the  temperature  is  under  50°  F.  Curing  will  require  at  least 
seven  days  per  inch  of  thickness  if  the  hams  measure  about  5  inches  thick, 
they  will  be  ready  to  put  into  soak  in  35  days.  Soak  them  in  clean  cool 
water  for  several  hours  and  then  hang  them  in  the  smokehouse  to  drain 
for  24  hours. 

Smoke  the  meat  until  it  has  the  desired  chestnut  color  and  then  hang 
it  in  a  dry  place  where  there  is  good  ventilation  and  it  is  protected  from 
flies  and  rodents.  No  covering  is  necessary. 

If  the  combination  cure  is  to  be  used,  rub  the  hams  with  only  plain 
salt,  and  let  them  lie  overnight.  On  the  same  day,  make  the  75°  pickle, 
table  I ,  so  that  it  will  be  cool  the  next  morning.  Measure  the  thickness  of 
the  shoulders  and  hams.  The  hams  that  have  been  rubbed  with  salt  are 
placed  in  the  bottom  of  a  clean,  well-scalded  barrel.  The  unrubbed  shoul- 
ders are  placed  on  top  of  the  hams  and  the  bacons  on  top  of  the  shoulders. 
Pack  them  snugly,  with  the  top  layer  of  bacon  skin  side  up.  A  clean 
board  is  placed  on  top  of  the  meat,  weighted  with  a  clean  rock.  The  brine 
is  then  poured  over  the  meat  until  it  is  covered. 

To  secure  a  high-class  ham,  it  must  be  cured  nine  days  per  inch  of 
thickness.  Five  days  per  inch  is  sufficient  for  a  mild-cured  bacon  or  seven 
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days  per  inch  for  a  high-flavored  bacon.  Shoulders  are  cured  the  same 
number  of  days  per  inch  of  thickness  (measured  through  the  center)  as 
bacon. 

This  pickled  meat  must  be  placed  in  a  cool  cellar  at  a  temperature  be- 
tween 35°  and  45°  F,  and  certainly  not  over  50°  F.  The  meat  may  spoil  if 
the  hog  was  not  bled  out  properly  or  thoroughly  chilled.  In  a  book,  or  on 
a  card  which  is  tacked  on  the  barrel,  place  the  dates  when  the  bacons 
shoulders,  and  hams  are  to  be  taken  out  of  pickle.  The  procedure  there- 
after is  as  indicated  for  the  dry  cure. 

CONCLUSIONS  ON  SWEET-PICKLE  CURE 

( 1 )  The  rate  of  salt  absorption  was  dependent  on  the  salinity  of  the 
brine.  A  curing  period  of  1 1  days  per  inch  through  the  H-bone  gave  the 
desired  results  when  a  75°  pickle  was  used.  Nine  days  per  inch  was  satis- 
factory for  the  85°  pickle. 

(2)  There  was  no  diff^erence  in  the  rate  of  salt  absorption  between 
regular  and  skin-back  hams  in  sweet  pickle. 

( 3 )  There  was  slightly  more  rapid  salt  penetration  at  45  °  to  50°  F  than 
at  34°  F. 

(4)  The  higher  temperatures  produced  improved  color  as  well  as  more 
pronounced  salt  equalization. 

(5)  The  6^°  and  70°  pickles  proved  more  desirable  for  the  longer 
cures  under  controlled  temperatures  because  they  afforded  a  means  of 
storage,  and  at  the  same  time  salt  equalization  was  taking  place  to  a 
marked  degree. 

(6)  A  mild  ham  at  the  end  of  the  cure  became  a  high-flavored  ham  in 
six  months.  This  was  due  to  shrinkage  and  subsequent  greater  salt  con- 
centration. 

(7)  There  was  very  little  difference  in  the  shrinkage  of  pork  cured  by 
the  dry  and  the  sweet-pickle  methods  at  the  end  of  a  60-day  aging  period. 
Sweet-pickle-cured  hams  and  bacon  gained  an  average  of  5  per  cent  in 
weight  in  pickle,  whereas  the  dry-cured  meats  lost  5  to  7  per  cent  in  cure. 
Sweet-pickle  meats  lost  5  per  cent  in  smoking,  compared  to  2  per  cent 
for  dry-cured  meats.  After  30  days  out  of  smoke,  the  sweet-pickle  meats 
showed  a  9  per  cent  shrink  for  ham  and  14  per  cent  for  bacon,  as  against 
1 1  per  cent  tor  dry-cured  hams  and  1 5  per  cent  for  dry-cured  bacon. 

(8)  A  higher  and  more  even  flavor  was  secured  by  aging  bacon  two 
weeks  and  hams  four  weeks  after  smoking. 
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1.  The  Microflora  of  Cured  and  Fermenting 

Cigar-leaf  Tobacco 

J.  J.  Reid,  Assistant  Professor  of  Bacteriology,  D.  W.  McKinstry, 
Graduate  Scholar  in  Bacteriology,  and  D.  E.  Haley,  Professor 

of  Soil  and  Phytochemistry  ^ 

Processing  of  tobacco  of  the  clgar-leaf  type  involves  certain 
periods  of  fermentation.  Reactions  of  an  exothermic  nature  char- 
acterized by  oxygen  uptake  and  the  evolution  of  carbon  dioxide, 
ammonia  and  other  volatile  substances  take  place  during  this  pro- 
cess. The  course  of  fermentation  appears  to  be  affected  profoundly 
by  variations  in  composition  of  the  leaf  which  are  due  to  differ- 
ences in  environmental  conditions,  among  which  may  be  mention- 
ed the  soil,  season  and  cultural  practices  on  the  farm.  Great  losses 
to  the  industry  are  occasioned  by  the  failure  of  certain  crops  to  un- 
dergo a  satisfactory  fermentation  in  the  warehouses  of  the  manu- 
facturer. 

Although  the  fermentation  of  tobacco  has  been  the  subject  of 
study  for  more  than  50  years,  little  exact  knowledge  exists  as  to 
the  different  factors  involved.  Improvements  in  methods  employed 
by  the  manufacturer  have  been  to  a  great  extent  the  results  of 
empirical  information  acquired  in  the  industry  rather  than  the  re- 
sult of  scientific  study  of  the  problems  involved. 

Three  theories  have  been  advanced  to  account  for  the  chemical 
changes  occurring  during  the  fermentation  process  by  workers 
who  have  studied  the  problem.  The  first  theory  advanced  mam- 
tained  that  the  reactions  were  purely  of  an  oxidative  character 
and  were  not  catalyzed  by  enzymes.  That  the  fermentation  of  cigar- 
leaf  may  be  explained  in  this  manner  is  no  longer  the  belief  of 
those  familiar  with  the  process,  but  the  literature  of  recent  years 
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on  the  subject  of  the  fermentation  of  other  types  of  tobacco  implies 
acceptance  of  this  theory.  The  second  theory  advanced  ascribed  the 
chemical  reactions  as  due  to  the  activities  of  microorganisms.  Al- 
though 50  years  have  passed  since  the  inception  of  this  theory,  the 
support  accorded  it  in  recent  years  has  been  vague  and  somewhat 
contradictory.  The  third  theory  attempts  to  account  for  the  chemi- 
cal reactions  during  fermentation  on  the  basis  of  catalysis  by  plant 
enzymes,  and  this  appears  to  be  accepted  by  the  majority  of  those 
engaged  in  the  processing  of  cigar-leaf  tobacco  at  the  present  time. 
Its  supporters  have  vigorously  attacked  the  bacterial  theory  and 
left  it  but  few  adherents. 

The  present  study  was  undertaken  in  an  effort  to  reconcile  some 
of  the  divergent  views  of  previous  workers  and  determine  if  pos- 
sible the  nature  of  the  fermentation  of  cigar-leaf  tobacco  and  the 
mechanism  involved. 

REVIEW  OF  LITERATURE 

The  belief  that  the  changes  occurring  in  fermenting  cigar-leaf 
tobacco  may  take  place  in  the  absence  of  enzymatic  activity  is 
found  frequently  in  the  literature  on  the  subject.  This  theory  was 
advanced  by  Nessler  (19).  Although  many  workers  since  that  time 
have  hesitated  to  support  this  non-biological  theory,  others  have 
found  it— in  the  face  of  a  lack  of  sufficient  scientific  evidence— con- 
venient to  do  so.  An  unbiased  analysis  of  the  observations  of  many 
of  the  investigators  in  this  field  tends  to  indicate  that  certain  of 
the  chemical  reactions  taking  place  in  the  fermentation  process  are 
indeed  uncatalyzed  by  enzymes. 

Roller  (12)  inoculated  tobacco  with  a  yeast  infusion  in  an  effort 
to  hasten  the  fermentation.  Fesca  (5)  compared  the  tobacco  fer- 
mentation to  that  of  ensilage.  The  same  year  Schloesing  (22)  con- 
cluded that  the  process  was  somewhat  similar  to  that  taking  place 
in  fermenting  manure.  These  early  suggestions  relating  to  the  role 
of  microorganisms  in  the  fermentation  of  tobacco  were  followed 
by  the  observations  of  Suchsland  (25)  in  1891,  who  reported  the 
isolation  of  bacterial  cultures  from  tobacco  undergoing  fermenta- 
tion. He  further  claimed  that  these  organisms  were  the  principal 
agents  involved  and  that  a  certain  quality  could  be  imparted  by  ar- 
tificial inoculation  of  tobacco.  Within  the  following  10  years  Miciol 
(18),  Davalos  (4),  Behrens  (1),  Vernhout  (26)  and  Koning  (13) 
published  in  general  support  of  the  bacterial  theory  advanced  by 
Suchsland. 

Loew  (14)  in  1899  published  the  first  of  a  series  of  three  papers  in 
which  he  vigorously  attacked  the  bacterial  theory  of  Suchsland  (25) 
and  offered  the  theory  that  plant  enzymes  were  wholly  respon- 
sible. The  bitter  attack  of  Loew  placed  the  bacterial  theory  in  ill 


repute  for  a  period  of  25  years,  and  the  influence  of  this  series  of 
publications  may  be  seen  in  practically  all  subsequent  publications 
on  the  subject.  Boeckhout  &  Ott  de  Vries  (2),  Jensen  (8,  9),  Cohen 
&  Jensen  (3)  and  Smirnov  (24)  published  in  confirmation  of  the 
work  of  Loew,  and  many  other  research  workers  accepted  his  con- 
clusions and  based  the  results  of  their  own  investigations  upon  his 
theory.  The  conclusions  of  Johnson  (10)  admit  the  possibility  of  the 
plant  enzyme  mechanism. 

In  1925  there  appeared  two  publications,  Schmidt  (23)  and  Joer- 
gensen  (11),  lending  support  to  the  bacterial  hypothesis  of  Suchs- 
land. More  recently  Johnson  (10)  and  Giovannozzi  (6,  7)  have 
presented  evidence  suggesting  that  microorganisms  may  play  an 
important  role  in  the  fermentation  of  tobacco. 

The  following  publications  are  deserving  of  particular  consid- 
eration in  connection  with  the  investigation  reported  in  this  paper: 

Vernhout  (26)  studied  cured  tobacco  leaves  and  leaves  repre- 
senting various  stages  of  fermentation.  He  found  two  distinct  types 
of  bacteria  consistently  present.  These  proved  to  be  species  of  Bac- 
illus which,  according  to  the  description  of  the  author,  would  be 
classified  today  in  the  suhtilis-mesentericus-vulgatus  group  of 
this  genus.  He  described  these  as  Bacterium  A  and  Bacterium  B,  of 
which  A  grew  at  somewhat  higher  temperatures  than  did  B  and 
was  slightly  less  proteolytic.  The  description  of  A  more  closely 
conforms  to  that  of  the  suhtilis-mesentericus-vulgatus  group.  The 
author  believed  B  to  be  more  important  in  the  earher  stages,  and 
A  to  be  the  important  form  in  later  stages  of  fermentation. 

Schmidt  (23)  investigated  the  fermentation  of  German  and  cer- 
tain other  tobaccos,  particularly  some  which  were  grown  in  Ohio. 
He  found  that  the  microflora  present  on  the  tobacco  passed  through 
selective  changes  as  the  fermentation  proceeded.  The  particular 
types  of  bacteria  present  during  the  fermentation  were  found  to 
vary  with  the  quality  of  the  tobacco,  and  different  methods  of  fer- 
mentation resulted  from  different  types  of  organisms.  On  Ohio 
tobacco  of  good  quality  he  found  only  bacteria  of  the  suhtilis-mes- 
entericus-vulgatus  group,  while  with  some  of  poorer  quality  he 
found  various  cocci.  Members  of  the  genus  Clostridium  were  found 
on  tobacco  of  very  poor  quality  which  underwent  an  unsatisfactory 
fermentation.  Short  rods,  fluorescent  bacteria  and  large  spore-for- 
mers of  the  mycoides  and  megatherium  types  were  found  on  some 

samples.  .         -  -,y. 

Johnson  (10)  reported  a  study  of  the  fermentation  of  Wisconsin 
and  other  cigar-leaf  tobacco.  He  isolated  and  studied  in  pure  cul- 
ture species  of  fungi  of  Aspergillus,  Penicillium  andOospora,  two 
unidentified  cultures  of  bacteria  and  a  species  of  Staphylococcus. 
He  treated  samples  of  tobacco  with  chloroform,  mercuric  chloride. 
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acetone,  toluene,  beta  naphthol,  silver  nitrate  and  heat  in  an  effort 
to  disinfect  the  samples.  He  found  that  all  of  these  treatments,  with 
the  exception  of  silver  nitrate,  completely  checked  thermogenesis. 
The  silver  nitrate  treatment  reduced  theromogenic  activity.  He 
concluded  that  in  the  case  of  this  disinfectant  he  was  able  to  inhibit 
bacterial  activity  without  seriously  affecting  enzymatic  activity.  In 
the  other  cases  he  concluded  that  he  had  destroyed  both.  He  re- 
ported that  a  temperature  of  85°  C  for  one  hour  would  completely 
sterilize  the  samples.  Pure-culture  inoculation  of  such  heat-treated 
tobacco  showed  that  the  bacterial  species  isolated  were  incapable 
of  inducing  thermogenesis  although  species  of  fungi  induced  heat- 
ing. He  concluded  that  microorganisms,  especially  fungi,  may  play 
a  role  in  the  fermentation  or  processing  of  certain  types  of  cigar- 
leaf  tobacco  although  such  organisms  may  not  necessarily  be  essen- 
tial to  fermentation. 

The  attack  of  Loew  (14, 15, 16)  upon  the  bacterial  hypothesis  of 
Suchsland  has  been  an  important  factor  in  all  research  on  this  sub- 
ject in  recent  years.  From  a  bacteriological  standpoint  the  data  of 
Loew  are  far  from  satisfactory,  the  conclusions  being  rather  arbi- 
trary considering  the  data  presented.  Loew  indicted  the  bacterial 
theory  upon  a  number  of  grounds.  He  maintained  that  direct  micro- 
scopic observation  of  fermenting  leaves  failed  to  reveal  a  sufficient 
population  of  microorganisms  to  account  for  the  profound  chemi- 
cal changes  of  fermentation.  He  further  claimed  that  the  mois- 
ture content  was  insufficient  to  permit  growth  of  bacteria,  and 
that  the  expressed  juice  of  the  cured  or  fermenting  leaves  would 
remain  sterile.  Loew  claimed  that  the  cellulose  of  the  leaf  would 
of  necessity  be  vigorously  attacked  if  bacteria  were  the  respon- 
sible agents  and  that  evidence  of  cellulose  attack  in  a  satisfactory 
fermentation  was  lacking.  Tn  order  to  account  for  the  enzymatic  ac- 
tivity which  he  found  to  be  associated  with  fermentation,  Loew 
postulated  the  plant  enzyme  theory.  That  this  activity  is  entirely 
due  to  plant  enzymes  has  been  challenged  by  the  authors  in  pre- 
vious publications  (1 7,  20,  21 ). 

TECHNIQUE 

For  the  purpose  of  this  study  cured  tobacco  was  obtained  from 
growers  and  manufacturers  of  Pennsylvania,  Wisconsin  and  Ohio 
cigar-leaf,  and  fermenting  and  fermented  tobacco  was  obtained  from 
manufacturers  engaged  in  the  processing  of  these  crops.  Samples 
rated  by  manufacturers  as  good,  fair  and  poor  were  selected  and 
studies  were  conducted  under  laboratory  and  plant  conditions. 

Two  methods  of  sampling  for  bacterial  assay  were  practiced 
throughout  the  course  of  the  investigation.  One  method  consisted 
m  cutting  100  sq.  cm.  of  surface  area  from  the  leaf,  the  sample 


consisting  of  two  40-sq.  cm.  and  one  20-sq.  cm.  portion  taken  from 
different  locations  on  the  leaf.  The  other  method  consisted  in  the 
removal  of  a  weighed  sample,  usually  2  grams,  although  in  some 
cases  larger  samples  were  taken  in  order  to  procure  a  representa- 
tive sample. 

In  the  preparation  of  suspensions  of  the  samples  for  bacterial 
counts  and  for  determining  enzyme  activity,  two  methods  were 
also  used  throughout  the  course  of  the  study.  In  one  case  the  leaf 
material  was  dried  at  room  temperature  and  ground  in  a  sterile 
mortar.  The  second  method  was  an  analysis  of  the  moist  leaf,  as 
follows:  The  moist  sample  was  placed  in  a  sterile  100-ml.  water 
blank  containing  several  glass  beads  and  allowed  to  stand  for  45 
minutes.  This  was  followed  by  a  three-minute  period  of  vigorous 
shaking.  Appropriate  dilutions  for  the  assay  were  made  in  sterile 
water  blanks  at  this  point.  Comparison  of  the  results  obtained  by 
the  use  of  the  two  methods  will  be  found  in  the  discussion  of  ex- 
perimental results. 

Counts  of  microorganisms  were  made  by  the  plate  method  and 
in  many  instances  this  information  was  supplemented  by  direct 
microscopic  counts,  using  the  Petroff-Hauser  chamber.  Prelimin- 
ary investigation  showed  beef-extract-peptone  agar,  adjusted  to  a 
pH  of  6.8,  to  be  a  suitable  substrate  for  use  in  making  the  plate 
counts  of  bacteria.  Media  containing  various  concentrations  of  to- 
bacco infusion  were  investigated  but  seemed  to  offer  no  advantage 
when  compared  with  the  common  laboratory  media.  Several  en- 
ergy and  nitrogen  sources  were  introduced  in  preliminary  trials 
but  these  additions  failed  also  to  improve  the  substrate.  In  efforts 
to  detect  the  presence  of  gram-negative  organisms  a  suitable  con- 
centration of  crystal  violet  was  added  to  the  beef-extract-peptone 

agar  medium. 

For  the  purpose  of  determining  the  relative  numbers  of  fungi 
on  various  samples,  dilution  plates  poured  with  glucose-peptone- 
acid-agar,  adjusted  to  a  pH  of  4.5,  proved  best  adapted. 

Various  incubation  temperatures  were  resorted  to  in  the  deter- 
mination of  bacterial  numbers.  Parallel  plates  were  poured  and 
incubated  at  temperatures  of  20,  30,  37,  45  and  55°  C.  Plates  were 
occasionally  incubated  under  anaerobic  conditions,  using  potato 
tissue  to  remove  the  oxygen  from  the  atmosphere  of  the  anaerobic 
jars.  Incubation  time  varied  with  temperature;  a  period  of  24 
hours  was  found  sufficient  for  temperatures  of  37  C  and  higher, 
and  periods  ranging  from  two  days  to  four  days  proved  adapted  to 
the  lower  temperatures.  All  acid-agar  Pl^^^^  .^,^^%^^i^,^ J^]^^  ^^ 
room  temperature  and  readings  made  on  the  third  and  fifth  days. 

On  a  number  of  occasions  a  pasteurization  treatment  was  resort- 
ed to  in  an  effort  to  destroy  all  vegetative  forms  in  the  sample  and 


6 


Pennsylvania  Agricultural  Experiment  Station 


Bulletin  356 — Fermentation  of  Tobacco.  I. 


to  stimulate  the  germination  of  bacterial  spores.  This  was  accom- 
plished by  holding  the  water  suspension  of  the  sample  at  80°  C 
for  15  minutes.  As  this  treatment  invariably  resulted  in  the  elim- 
ination of  all  fungi  and  gram-negative  organisms  it  was  assumed 
that  all  vegetative  forms  were  destroyed  in  the  procedure. 
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Fig.  1. — Aerobic  reproduction  of  bacteria  on  nutrient  agar  incubated  at 
different  temperatures,  based  on  studies  involving  100  samples  of  cured 
cigar -leaf  tobacco. 

The  usual  laboratory  methods  were  employed  in  the  pure  cul- 
ture studies  of  isolations  made  in  the  course  of  the  investigation. 

Determinations  of  pH  were  made  colorimetrically  or  by  the  use 
of  the  glass  electrode  as  noted.  Moisture  determinations  were 
based  on  the  loss  of  weight  on  oven  drying  at  103°  C  for  a  period  of 
four  hours. 

EXPERIMENTAL  RESULTS 

Flora  of  the  cured  leaf.— During  the  course  of  these  investiga- 
tions a  great  many  samples  of  freshly  cured  cigar-leaf  of  the  1936 
and  1937  crops  of  Pennsylvania  and  Wisconsin  tobacco  were  ex- 
amined. An  analysis  of  the  numbers  of  bacteria  found  upon  the 
lamina  of  100  typical  samples  is  presented  in  fig.  1. 

Temperature  of  incubation  is  an  extremely  important  factor  in 
the  determination  by  plate  count  of  the  number  of  bacteria  present. 
All  of  the  100  samples  showed  less  than  30,000  viable  organisms 
per  gram  when  the  plates  were  incubated  at  55''  C.  Incubation  at 


37°  C  gave  somewhat  higher  counts,  while  incubation  at  20"  C 
gave  still  higher  counts.  Approximately  70  per  cent  of  these  sam- 
ples gave  values  greater  than  200,000  per  gram  at  the  latter  tem- 
perature of  incubation.  No  sample  examined  was  found  to  show 
less  than  15,000  viable  bacteria  per  gram  with  plate  incubation  at 
20°  and  none  showed  less  than  6,000  per  gram  at  37°  C.  Incubation 
at  45°  resulted  in  counts  greater  than  those  obtained  at  55 '^  but 
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Fig.  2. Effect  of  particle  size  upon  the  plate  counts  of  bacteria  and  fungi 

found  on  cured  cigar-leaf  tobacco. 

lower  than  those  obtained  at  37°  C.  Likewise  counts  at  25°  and  30° 
ranged  in  order  between  those  obtained  at  20  and  37°  C.  Counts  at 
25,  30  and  45°  C  are  not  indicated  in  fig.  1. 

Additions  to  the  standard  beef-extract-peptone  agar  used  in  pre- 
liminary trials  and  differents  methods  of  sampling  failed  to  show 
significant  differences  in  counts.  In  an  effort  to  determine  the  most 
suitable  method  for  the  preparation  of  the  material  under  inves- 
tigation, plates  were  poured  from  samples,  some  of  which  had 
been  finely  ground  and  others  suspended  without  grinding  The 
results,  typical  of  the  many  tried,  are  shown  in  fig.  2.  No  significant 
effect  on  the  number  of  bacteria  was  noted  but  the  effect  on  the 
plate  count  of  fungi  was  marked  in  every  instance,  owing  to  the 
fragmentation  of  viable  mycelia.  Counts  of  fungi  on  cured  cigar- 
leaf  Tanged  as  a  rule  between  10,000  and  100,000  per  gram  when 
the  suspension  was  prepared  without  grinding. 

Of  more  significance  were  the  types  of  organisms  found  upon 
the  cured  leaf.  Bacteria  present  on  the  Pl^t^^/f^^^^^ely  spore- 
formers  and  cocci;  fungi  present  represented  for  the  most  p^rt 
members  of  Amrg^Huz,  Penicillium,  Mucor  and  Rhizopus.  Many 
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platings  of  tobacco  leaves  revealed  the  presence  of  gram  negative 
forms,  types  that  were  greatly  reduced  in  number  during  the  cur- 
ing process.  Crystal  violet  plates  inoculated  with  dilutions  of  cur- 
ed tobacco  usually  were  overgrown  with  fungi,  indicating  the 
small  numbers  of  gram  negative  bacteria  surviving  the  curing 
process.  This  is  a  reflection  of  the  composition  of  the  substrate  in- 
asmuch as  bright  cigarette-leaf  tobacco  was  found  to  carry  a  signi- 
ficantly large  number  of  gram-negative  rods  following  the  much 
more  drastic  flue-curing  process. 

Having  established  the  fact  that  a  considerable  part  of  the  pop- 
ulation of  the  cured  cigar-leaf  consisted  of  spore-forming  bacteria, 
the  difficulties  involved  in  making  reliable  determinations  of  num- 
bers of  viable  microorganisms  became  obvious.  Plate  counts  of 
microorganisms  reflect  the  suitability  of  the  substrate  employed 
and  the  conditions  of  incubation  rather  than  the  exact  number  of 
viable  cells  on  the  material  under  examination.  In  dealing  with 
spore-formers  the  problem  becomes  further  complicated.  Viable 
spores  do  not  necessarily  germinate  upon  the  plate  although  the 
substrate  may  be  suited  to  the  reproduction  of  the  vegetative  cells 
of  the  species.  Nevertheless,  recourse  was  had  to  the  direct  count 
and  likewise  to  the  use  of  microtome  sections  in  an  effort  to  estab- 
lish the  total  number  of  bacterial  cells  present  on  the  cured  leaf. 
Such  counts  were  to  prove  of  particular  value  when  studied  in 
connection  with  direct  counts  made  on  the  fermenting  leaf. 

Ground  material  could  not  be  used  for  this  purpose  as  the  arti- 
facts rendered  a  count  impossible.  It  was  found,  however,  that  if 
the  same  procedure  was  followed  as  was  used  in  the  plating  of  un- 
ground  samples  a  fairly  satisfactory  count  could  be  made.  Such 
preparations  usually  showed  from  400  million  to  800  million  cocci 
and  spores  per  gram  of  cured  tobacco.  Rods  were  seldom  seen.  It 
would  appear,  therefore,  that  some  reproduction  must  have  tak- 
en place  on  the  leaf,  either  during  the  growing  season  or  during 
the  period  of  curing. 

Contrary  to  the  observations  of  others,  none  of  the  samples  ex- 
amined was  found  to  be  sterile.  When  compared  with  examina- 
tions made  of  green  leaves  it  was  seen  that  a  certain  amount  of 
selection  had  taken  place.  The  flora  of  the  green  leaf,  including  as 
it  does  most  of  the  common  saprophytes  of  the  soil,  had  become, 
in  the  case  of  the  cured  leaf,  a  flora  consisting  of  cocci,  spore-form- 
mg  bacteria  and  those  fungi  commonly  termed  molds.  Some  re- 
production had  apparently  taken  place;  first  because  of  the  large 
number  of  cocci  and  spores  found  by  direct  observation,  and  second 
because  of  the  presence  of  fungus  mycelium  upon  the  leaf. 

Flora  of  the  fermenting  leaf.— Suchsland  (25),  Vernhout  (26), 
Schmidt  (23),  Johnson  (10)  and  others  have  reported  the  presence 


of  large  numbers  of  microorganisms  upon  fermenting  cigar-leaf  to- 
bacco. These  observers  have  not  been  in  complete  accord  as  to  the 
type  or  types  of  microorganisms  multiplying  during  this  process. 
Aerobic  spore-forming  bacteria,  cocci  and  fungi  have  each  been 
looked  upon  as  causative  agents  of  the  fermentation  or  aging  of  this 
type  of  tobacco.  On  the  other  hand,  the  proponents  of  the  plant  en- 
zyme theory  have  denied  the  presence  of  any  considerable  number 
of  living  microoranisms  on  the  fermenting  leaf  and  have  stated  that 
reproduction  of  such  forms  was  impossible  under  the  conditions  of 
satisfactory  fermentation.  In  an  effort  to  account  for  these  conflict- 
ing observations  attempts  were  made  in  the  laboratory  to  carry 
out  the  fermentation  of  tobacco  of  various  grades  over  wide  ranges 
of  moisture-oxygen-temperature  relationships. 

It  soon  became  apparent  that  fungi,  cocci  and  spore-forming  bac- 
teria were  able  to  multiply  rapidly  upon  the  cured  leaf  of  average 
quality  if  proper  conditions  were  provided  to  satisfy  their  individ- 
ual needs.  Low  moisture  and  large  amounts  of  oxygen  provided 
suitable  conditions  for  the  development  of  fungi;  a  slight  increase 
in  the  moisture  content  provided  a  satisfactory  environment  for 
the  rapid  growth  of  cocci  and  aerobic  spore-formers;  anaerobic 
conditions,  brought  about  in  various  ways,  resulted  in  the  activi- 
ties of  members  of  Clostridium  and  the  anaerobic  respiration  of  the 
facultative  cocci  and  members  of  Bacillus.  Contrary  to  the  observa- 
tions of  Johnson  (10),  only  the  aerobic  development  of  cocci  and 
aerobic  spore-forming  bacteria  was  found  to  be  associated  with  a 
satisfactory  fermentation.  The  judgment  of  the  authors  was  not  re- 
lied upon  in  this  connection;  samples  were  submitted  to  leaf 
experts  in  the  industry  for  their  decision  as  to  whether  or  not  the 
fermentation  might  be  termed  satisfactory. 

Fungi  developing  upon  the  cured  leaf  were  usually  found  to  be 
members  of  the  genera  Aspergillus  and  Penicillium.  Occasionally 
the  development  of  members  of  the  Mucorales  was  noted  upon  to- 
bacco of  good  quality.  Growth  of  the  fungi  was  invariably  accom- 
panied by  the  development  of  a  musty  odor. 

In  the  early  stages  of  these  investigations  it  was  found  that  if 
the  environment  was  suitable  for  the  development  of  either  cocci 
or  spore-forming  bacteria  the  fungi  fail  to  multiply.  Through- 
out the  entire  course  of  this  study  data  conflicting  with  this  have 
never  been  obtained. 

Whether  fungi  or  bacteria  develop  upon  the  cured  leaf  during 
fermentation  is  largely  controlled  by  two  factors;  the  composition 
of  the  leaf  and  the  amount  of  moisture  present.  Data  obtained  to 
date  do  not  indicate  a  definite  critical  moisture  content  below 
which  fungi  develop  and  above  which  bacteria  inhibit  their  devel- 
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opment  that  is  applicable  to  all  cigar-leaf  tobacco.  Rather  it  would 
appear  that  the  amount  of  moisture  necessary  to  the  development 
of  bacteria  is  definitely  related  to  the  composition  of  the  tobacco 
or,  in  terms  of  the  tobacco  grower  and  processor,  the  quality  of 
the  leaf.  In  general,  it  has  been  found  that  leaf  of  good  quality 
provides  a  suitable  substrate  for  bacterial  development  at  lower 
moisture  content  than  does  leaf  of  poor  quality. 

Cocci  developing  upon  tobacco  undergoing  a  satisfactory  fer- 
mentation were  found  to  be  members  of  Micrococcus  and  Staphylo- 
coccus. Of  these  the  Micrococci  were  usually  present  in  far  greater 
numbers.  During  later  stages  of  the  fermentation,  coccoid  forms 
were  frequently  found  in  greater  numbers.  These  are  thought  to 
be  identical  with  the  very  short  rods  described  by  Schmidt  (23), 
Biochemical  studies  of  these  forms  have  lead  to  the  conclusion  that 
they  should  be  classified  with  the  Micrococci. 

Aerobic  spore-formers  associated  with  the  satisfactory  fermen- 
tation of  the  leaf  have  been  identified  as  members  of  the  suhtilis- 
TYiesentericus-vulgatus  group  of  Bacillus.  These  forms  are  undoubt- 
edly the  organisms  described  by  Vernhout  (26),  to  the  activities  of 
which  he  attributed  fermentation.  They  are  also  the  type  described 
by  Schmidt  (23)  as  associated  with  the  satisfactory  fermentation  of 
Ohio  tobacco  of  good  quality.  For  the  sake  of  brevity  these  will  be 
referred  to  subsequently  as  B.  raesentericus.  B.  vfiegatherium  and 
B.  mycoides  have  been  observed.  These  were  described  by  Schmidt 
(23)  on  fermenting  tobacco. 

Rapid  multiplication  of  cocci  and  bacilli  upon  fermenting  to- 
bacco was  found  to  result  in  the  establishment  of  anaerobic  condi- 
tions in  the  center  of  the  fermenting  heap.  Such  conditions  resulted 
in  spoilage  if  allowed  to  continue.  The  facultative  cocci  and  bacilli 
continued  to  multiply  after  the  exhaustion  of  the  oxygen  and,  in 
addition,  Clostrium  sp.  became  active.  Putrid  odors  developed  as 
the  nitrogenous  material  was  attacked  anaerobically  and  event- 
ually the  cellulose  was  attacked  and  destroyed.  Inasmuch  as 
tobacco  of  good  quality  favored  the  most  rapid  growth  of  micro- 
organisms, resulting  in  anaerobiosis  in  shorter  periods  than  was 
true  with  tobacco  of  poorer  quality,  this  condition  was  more  fre- 
quently encountered  in  connection  with  the  fermentation  of  the 
higher  quality  tobacco.  Frequent  aeration  was  found  to  prevent 
much  of  this  loss. 

Plate  counts  made  during  the  progress  of  the  fermentation  show- 
ed that  the  rapidity  of  multiplication  was  more  intimately  related 
to  moisture  content  and  leaf  composition  than  to  other  factors. 
Temperature  of  course  proved  of  some  significance,  particularly 
in  dealing  with  fermenting  samples  so  small  that  the  intense  heat 
generated  could  not  be  retained.  Temperatures  of  35  to  40°  C 


seemed  well  adapted  to  the  development  of  those  types  associated 
with  a  satisfactory  fermentation. 

In  dealing  with  leaf  of  at  least  fair  quality  held  under  optimum 
conditions  a  rise  in  plate  count  from  less  than  100,000  microorgan- 
isms per  gram  to  counts  of  almost  two  billion  per  gram  were 
ordinarily  accomplished  in  less  than  three  days.  With  the  lower 
moisture  content  used  in  case  fermentation,  such  rapid  rise  was  not 
noted.  If  the  tobacco,  however,  was  undergoing  any  fermentative 
changes,  a  slow  rise  in  plate  count  could  be  demonstrated. 

The  use  of  the  direct  count  was  found  to  provide  much  useful 
information  in  the  study  of  fermenting  tobacco.  A  rise  in  numbers 
during  the  course  of  the  fermentation  was  always  observed.  Di- 
rect counts  of  cured  tobacco,  as  previously  stated,  usually  demon- 
strated the  presence  of  500  million  to  almost  one  billion  spores  and 
cocci  per  gram  of  tobacco.  The  number  materially  increased  ais 
fermentation  progressed. 

Of  equal  significance  to  the  demonstration  of  the  rise  in  numbers 
was  the  observation  of  chains  of  rods  of  members  of  Bacillus,  con- 
clusive proof  of  the  multiplication  of  these  organisms  upon  the  to- 
bacco. In  dealing  with  spore-formers  it  is  not  always  possible  to  be 
certain  that  an  increase  in  count  by  the  plate  method  actually  im- 
plies multiplication.  At  times  this  merely  reflects  a  change  in  the 
ability  of  spores  to  germinate  when  placed  on  the  medium.  The 
demonstration  of  great  numbers  of  chains  of  the  spore-former  by 
the  direct  method,  however,  satisfactorily  solved  the  problem  as  to 
whether  the  increased  plate  count  implied  reproduction  on  the  leaf 
or  increased  germinability  of  spores  already  present  on  the  tobacco 
at  the  beginning  of  the  fermentation.  No  chains  of  spore-forming 
rods  were  observed  on  cured  tobacco;  apparently  spore-formers  are 
present  on  cured  tobacco  only  in  the  spore  state. 

The  investigations  relative  to  the  flora  of  fermenting  tobacco  con- 
ducted in  this  laboratory  have  shown  that  fungi,  cocci  and  spore- 
forming  bacteria  are  able  to  develop  on  cured  tobacco.  They  have 
further  shown  that  a  substrate-moisture  relationship  exists  which 
in  large  measure  determines  whether  fungi  will  grow  with  con- 
sequent loss  of  tobacco  through  molding;  or  bacteria  may  develop 
with  subsequent  inhibition  of  the  growth  of  fungi.  These  investiga- 
tions have  further  demonstrated  a  substrate-moisture-oxygen  rela- 
tionship to  exist  which  governs  the  loss  of  tobacco  by  rotting. 

Relation  of  the  microflora  of  cigar-leaf  tobacco  to  catalase  acti- 
vity.-Having  failed  to  confirm  the  findings  of  Loew  (14).  m  respect 
to  multiplica?ion  of  microorganisms  upon  fermenting  tobacco  the 
authors  attempted  to  determine  whether  a  relationship  existed  be- 
tween ?he  enzymatic  activity  of  the  leaf  and  the  microbial  activity 
observed  in  this  laboratory. 
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The  enzyme  catalase  was  discovered  by  Loew  (1 6)  on  fermenting 
tobacco.  The  use  of  this  enzyme  in  the  present  investigation  does 
not  imply  the  belief  on  the  part  of  the  authors  that  the  enzyme  is 
of  any  particular  significance  in  the  tobacco  fermentation.  The  ac- 

Table  1. — Effect  of  five-day  storage  at  37"  C  upon  the  microflora  and  cata- 
lase activity  of  cured  tobacco  adjusted  to  a  moisture  content  of  30  per  cent. 


Sample  Taken 


Plate  Count  of 
Bacteria  per  Gram 


Ml.  N/100 

H2O2  Decomposed 

BY  .2-gram  Sample 

IN  60  Minutes 


Before  storage 
After  5  days  storage 


52,000 
35,000,000 


14.2 
86.9 


tivity  of  catalase  is  easy  to  measure,  however,  and  as  it  was  consid- 
ered of  particular  significance  by  Loew  it  was  chosen  for  use  in  this 
work. 

Several  hundred  determinations  of  catalase  activity  were  made 
from  the  tobacco  suspensions  employed  in  the  routine  determina- 
tions of  bacterial  numbers  on  both  cured  and  fermenting  tobacco. 
A  rather  close  correlation  was  found  between  catalase  activity  and 

Table  2. — Effect  of  bacterial  growth  on  the  catalase  activity  of  sterilized 
cured  tobacco,  adjusted  to  a  moisture  content  of  35  per  cent  and  held  at 

a?**  C. 


Plate  Count  of 
Sample  Taken    Inoculation  Bacteria  per  Gram 


Ml.  N/100 

Hj02  Decomposed 

BY  .2-GRAM  Sample 

IN  60  Minutes 


Before  storage  None 

Before  storage  Culture  E- 1 1  * 
After  storage 

of  five  days  None 
After  storage 

of  five  days  Culture  E-11 


0 
31,000 


800,000,000 


0 
0 

0 

176.2 


o^.K**^?"^^"^^  ^r^^.  ^^  ^"  isolation  made  from  fermenting  tobacco  identified  with  the 
subtilis-mesentericus  vulgatus  group  of  Bacillus. 

microbial  activity.  In  general  any  treatment  of  the  tobacco  at- 
tempted v^hich  resulted  in  inhibition  of  the  bacterial  population 
likewise  prevented  an  increase  in  catalase  activity.  Conversely, 
treatments  that  gave  an  increase  in  bacterial  numbers  showed  an 
increase  in  catalase  activity.  Table  1  shows  the  typical  increase  in 
numbers  of  bacteria  and  activity  of  catalase  found  in  tobacco  of  av- 
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erage  quality  held  for  a  few  days  under  conditions  suited  to  bacter- 
ial reproduction. 

Heat  treatments  necessary  to  render  tobacco  sterile  also  ren- 
dered it  free  of  catalase  activity.  It  was  found,  as  shown  in  table  2, 

Table  3. — Changes  in  Ihe  microflora  of  Pennsylvania  cigar-leaf  lobacco 
of  good  quality  undergoing  a  satisfactory  case  fermentation. 


Stage  of 
Sampling 


Date 


Plate  Count  Plate  Count 
OF  Bacteria      of  Fungi       Predominant 
PER  Gram       per  Gram  Organism 


At  end  of  curing 
process 

After  two  months 
fermentation  in 
case 

After  three  and 
one-half  months 
fermentation  in 
case 


2/27/37 


4/26/37 


53,000       388,000        B.  megatherium 


1,840,000        11,000        B.mesentericus 


6/14/37     1,160,000,000        None 


Cocci 


that  normal  catalase  activity  could  be  imparted  to  sterilized  tobacco 
by  inoculation  with  organisms  previously  isolated  from  ferment- 
ing tobacco. 

Johnson  (10)  reported  that  the  sterihzation  of  tobacco  was  accom- 
plished by  steaming  for  one  hour,  during  which  time  the  tobacco 
reached  a  temperature  of  85°  C.  Such  treatments  in  this  labora- 
tory failed  to  produce  sterility,  but  intermittent  exposure  to  live 
steam  for  30-minute  periods  on  three  successive  days  proved  satis- 
Table  4.— Flora  of  cigar-leaf  tobacco  of  inferior  quality  that  showed  un- 
satisfactory fermentation  although  cased  for  a  period  of  four  months. 


Sample 


Plate  Count  of 
Bacteria  per  Gram 


Plate  Count  of 
Fungi  per  Gram 


Sample  A 
Sample  B 


3,500 
90,000 


210,000 
45,000 


factory  Without  employment  of  the  intermittent  method  of  steri- 
lization, an  exposure  in  the  autoclave  at  15  pounds  pressure  for  a 
period  of  150  minutes  was  found  necessary  to  msure  sterility. 

A  review  of  the  data  obtained  in  this  laboratory  leads  to  the  con- 
clusion that  the  measurements  of  enzymatic  activity  of  the  tobacco 
leaf  made  by  Loew  (15, 16)  and  other  investigators  of  the  tobacco 
fermentation  were,  after  all,  merely  indirect  measurements  of  mi- 
crobial activity. 
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Microflora  of  case-fermented  cigar-leaf  tobacco. — Case  fermenta- 
tion of  cigar-leaf  tobacco  as  practiced  by  manufacturers  has  been 
studied  in  these  investigations.  Typical  changes  found  in  satisfac- 
tory case  fermentation  are  represented  in  table  3.  The  slow  rise  in 
bacterial  numbers  as  determined  by  plate  count  and  the  gradual 
decline  in  the  viability  of  the  fungus  spores  and  mycelium  present 

Table  5. — A  study  of  the  flora  during  the  bulk  fermentation  of  cigar-leaf 
tobacco  which  had  previously  undergone  six  years  of  slow  fermentation. 


Sample 


Bulk 
Temp. 

op 


pH 


Per  Cent 
Moisture 


Plate 
Count  of 
Bacterial  Counts       Fungi 

PER  Gram  per  Gram 

Plate  Direct 

thousands        millions 


As  received 

6.6 

12.8 

70 

900 

1.400 

Following  water 
treatment 

7.0 

61.7 

375,000 

1.620 

300 

Following  steaming 

7.2 

61.6 

8,500 

1,540 

1.000 

24  Hours  after 
steam  treatment 

. 

7.2 

61.6 

3.400 

2.600 

0 

Following  stemming 

7.4 

50.0 

40,000 

5,900 

0 

Bulked  36  hours 

90 

7.6 

50.1 

1,560.000 

7,100 

0 

Bulked  72  hours 

91 

7.8 

50.5 

120,000 

7,650 

0 

Bulked    5  days 

92 

above 

7.8 

50.4 

312,000 

7,100 

0 

Bulked    7  days 

100 

above 

7.8 

50.4 

285.000 

8.150 

0 

Bulked    9  days 

112 

above 

7.8 

51.3 

64,000 

7.900 

0 

Bulked  13  days 

125 

above 

7.8 

51.4 

5,240 

7,800 

0 

Bulked  17  days 

131 

above 

7.8 

51.6 

4,350 

8.200 

0 

Bulked  29  days 

136 
rebulked 

above 

7.8 

51.3 

520 

8,450 

0 

Bulked  32  days 

105 

above 

7.8 

47.1 

870.000 

10.200 

0 

Bulked  49  days 

136 
rebulked 

above 

7.8 

43.2 

43,000 

12.000 

0 

Bulked  52  days 

110 

above  7.8 

43.0 

230,000 

14.500 

0 

Bulked  60  days 

136 
rebulked 

above 

7.8 

42.7 

400 

14.700 

0 

Bulked  62  days 

115 

above 

7.8 

42.9 

32.000 

14,600 

0 

Bulked  69  days 

136 

above 

7.8 

40.1 

1,130 

15,000 

0 

are  characteristic  of  this  practice.  It  is  noted  in  table  3  that  although 
aerobic  spore-formers  predominated  on  the  platings  at  the  end  of 
the  curing  process  and  after  two  months  fermentation,  coccus  forms 
outnumbered  bacilli  on  the  plates  at  the  end  of  three  and  one-half 
months.  Inasmuch  as  this  tobacco  was  of  the  best  quality  and  under- 
going the  normal  fermentation,  these  findings  are  at  variance  with 
those  of  Schmidt  (23),  who  concluded  that  cocci  were  present  in 
great  numbers  only  on  tobacco  of  inferior  quality. 

Study  was  made  of  a  number  of  tobaccos  reported  by  the  manu- 
facturer as  failing  to  ferment  in  the  case.  Table  4  presents  the  data 
obtained  from  two  such  samples  that  are  typical  of  all  received. 


The  counts  presented  in  this  table  should  be  compared  with  those 
in  table  3  representing  determinations  made  at  the  end  of  three 
and  one-half  months  of  case  fermentation.  Table  3  shows  the  bac- 
terial plate  count  on  the  normally  fermenting  tobacco  to  have 
reached  a  value  in  excess  of  one  billion  at  this  stage.  On  the  other 
hand,  table  4  shows  that  tobacco  which  has  failed  to  undergo  any 
case  fermentation,  although  held  for  a  period  of  several  months  in 
the  case,  gives  a  characteristic  bacterial  plate  count  of  less  than 
100,000  organisms  per  gram.  Fungi  disappeared  in  the  normally 
fermenting  case  at  the  end  of  three  and  one-half  months  but  failed 
to  do  so  in  tobacco  that  had  failed  to  initiate  fermentation. 

Microflora  of  bulk-fermented  cigar-leaf  tobacco. — Manufacturers 
of  scrap  chewing  tobacco  do  not  follow  the  same  procedure  in  the 
fermentation  of  cigar-leaf  tobacco  as  do  cigar  manufacturers.  A 
common  practice  in  the  scrap  chewing  tobacco  industry  is  to  allow 
a  slow  fermentation  of  the  leaf  over  a  period  of  two  to  seven  years, 
followed  by  a  rapid  fermentation  at  high  moisture  content  in  bulks 
containing  several  tons  of  tobacco.  Bulk  fermentation  is  completed 
in  periods  ranging  from  four  to  10  weeks  and  the  tobacco  is  then 
ready  for  manufacture. 

Many  bulks  have  been  studied;  data  obtained  from  one  that  is 
characteristic  of  a  satisfactory  fermentation  are  presented  in  table 
5.  During  the  period  of  slow  fermentation  the  moisture  content  of 
the  tobacco  had  been  allowed  to  fall  below  15  per  cent.  At  this  stage 
the  plate  count  of  bacteria  is  ordinarily  less  than  100,000,  the  col- 
onies on  countable  plates  consisting  for  the  most  part  of  B.  mega- 
therium.  It  is  significant  that  the  mold  count  is  ordinarily  low  at 
this  time,  much  lower  than  the  mold  count  of  the  freshly  cured  leaf. 

The  first  operation  in  the  bulk  procedure  is  the  moistening  of  the 
tobacco.  Warm  water  is  sprinkled  on  the  baled  tobacco  as  received; 
in  this  manner  the  contaminating  material  is  largely  washed  away. 
The  moistened  bales  are  usually  allowed  to  stand  over  night.  Dur- 
ing this  time  a  significant  rise  in  the  bacterial  count  is  always  noted. 

In  addition  B.  mesentericus  usually  becomes  the  predominant 
organism  at  this  stage  and  remains  predominant  throughout  the 
bulk  fermentation  in  many  cases.  Although  some  manufacturers 
stem  the  tobacco  after  the  fermentation,  the  bulks  followed  in  this 
study  were  stemmed  before  bulking.  In  this  case  the  tobacco  was 
steamed,  stemmed  and  piled  into  bulks  in  the  course  of  a  few  hours. 
The  pH  of  the  tobacco  slowly  rises  during  this  period,  table  5.  Al- 
though the  freshly  cured  tobacco  examined  in  this  laboratory  was 
found  to  have  pH  values  of  6  to  6.4,  the  tobacco  following  the  slow 
fermentation  was  found  to  have  pH  values  of  6.4  to  6.8. 

Immediately  after  bulking  there  is  a  rapid  rise  in  the  bacterial 
plate  count  and  likewise  in  the  direct  count.  The  latter  reveals  the 


16 


Pennsylvania  Agricultural  Experiment  Station 


Bulletin  356 — Fermentation  of  Tobacco.  I. 


17 


presence  of  chains  of  spore-formers  in  the  vegetative  state.  Cocci 
were  found  to  predominate  at  this  stage  in  the  bulk  from  which  the 
data  for  table  5  were  obtained,  and  this  was  found  to  be  the  case  in 
many  bulks,  although  a  number  studied  showed  B.  Tnesentericus  to 
be  predominant  at  this  stage  as  well  as  throughout  the  remainder 
of  the  fermentation.  The  presence  of  both  organisms  in  all  bulks 
at  all  times  was  easily  demonstrated. 

The  increase  in  bacteria  was  accompanied  in  every  instance  by 
the  complete  disappearance  of  viable  fungi  in  the  bulk  and  was  ac- 
companied by  temperature  rise  and  increasing  alkalinity. 

The  bulks  studied  were  turned  and  in  that  manner  aerated  when 
the  temperature  in  the  center  of  the  bulk  reached  136°  F.  This 
aeration  cooled  the  tobacco  to  some  extent  and  the  cooler,  outer 
leaves  were  always  placed  in  the  center  of  the  new  bulk.  This  aera- 
tion was  always  followed  by  another  rise  in  the  bacterial  count 
which  had  decreased  as  the  bulk  became  hot  and  oxygen  supply 
deficient.  Heating  following  the  aeration  proved  possible  as  long 
as  sufficient  energy  material  remained  to  permit  bacterial  multi- 
plication. From  the  data  obtained  in  these  investigations,  it  is  con- 
cluded that  the  multiplication  of  certain  bacteria  on  the  leaf  is  in- 
timately associated  with  the  normal  fermentation  of  cigar-leaf  to- 
bacco, and  that  the  desired  chemical  changes  are  not  obtained  in 
the  absence  of  such  microbial  activity. 

SUMMARY 

Cured  tobacco  of  the  cigar-leaf  type  has  a  characteristic  micro- 
flora in  which  some  selection  has  already  taken  place. 

Selection  continues  during  fermentation  and  favored  types  mul- 
tiply profusely  before  the  fermentation  is  completed. 

Fungi,  which  are  always  present  on  the  cured  leaf,  are  destroyed 
rapidly  in  a  satisfactory  fermentation. 

The  multiplication  of  aerobic  spore-forming  bacteria  and  cocci 
characterize  the  normal  fermentation. 

Substrate-moisture-oxygen  and  temperature  relationships  de- 
termine the  nature  of  the  microbial  activities  and  consequently  the 
nature  of  the  fermentation. 

Unsatisfactory  composition  of  the  leaf,  termed  by  the  industry 
"poor  quality,"  favors  the  multiplication  of  fungi.  A  moisture  con- 
tent insufficient  for  bacterial  growth  also  favors  multiplication  of 
the  fungi. 

Consumption  of  oxygen  by  the  bacterial  population  may  lead  to 
anaerobic  conditions  and  subsequent  spoilage  due  to  anaerobic  ac- 
tivities of  microorganisms  present. 

Catalase  activity  of  the  leaf  is  closely  related  to  the  activities  of 
the  microorganisms  present. 
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EfTect  of  l^,5,6.Dibenzanthracene  on  Fusarium  lint. 

L.  D.  Wright  and  Arthur  K.  Anderson.    (Introduced  by  R.  A. 

Butcher. ) 

From  the  Department  of  AgncvXtural  and  Biological  Chemistry,  The  Pennsylvania 

State  College,  State  College,  Pen/no. 

In  addition  to  being  able  to  initiate  malignant  growth  the  carcino- 
g^nic  hydrocarbons  have  been  shown  to  stimulate  cell  division  of 
Srtain  microorganisms.  Since  it  has  been  Postuk^ed  th^  ^--^^ 
may  be  associated  with  an  abnormal  glucose  metabohsm,  it  was 
thought  of  interest  to  study  the  effect  of  a  typical  carcinogemc  hy- 
drocfrbon  on  the  growth  and  glucose  utilization  of  Fusanum  Im, 
T^r^r^us  has  been  shown  to  grow  well  on  a  medium  composed  o 
^eral^^^^^^^  and  glucose  as  the  only  source  of  carbon  producmg  a 

tvoical  alcoholic  fermentation.^  .  .     ,  j  191;^ 

T?e  carcinogenic  hydrocarbon  selected  for  this  study  was  1,2.5,6- 
dib^Lnth^acelie.    The  culture  medium  had  the  following  compos,- 

NH4NO3  Q  25 

MgS04  (j-go 

KH2PO4  20.00 

Glucose 
Distilled  water  to  make  1,000  cc. 

Since  in  preliminary  tests  the  above  ^y^'-^^J'^-J  fZ 
on  .he  growth  ot^-^riu^,i...^o^non.^^^^^^^^ 

ir  :;rrter^or i  °.£'„^r. -e  re^^^^^^^^^ 


1,2,5,6-DiBENZ ANTHRACENE  ON  Fusorium  lini 


A  solution  containing  0.123  gm.  of  1,2,5,6-dibenzanthracene, 
dissolved  in  a  small  amount  of  anhydrous  benzene,  was  exposed 
for  1  %  hours  to  the  rays  from  a  mercury  arc  ultraviolet  light  source. 
The  solution  was  exposed  directly  to  the  light  by  being  placed  in  a 
thin  layer  in  one-half  of  a  large  Petri  dish.  From  time  to  time  ben- 
zene was  added  to  replace  that  lost  by  evaporation.  Finally  the 
benzene  was  evaporated  and  the  residue  irradiated  for  15  minutes. 
This  residue  was  then  extracted  with  several  small  portions  of  water, 
the  washings  filtered  and  the  volume  made  up  to  100  cc.  This  ex- 
tract was  used  in  the  subsequent  work. 
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—  —  —  —  Co/)fro/s 
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hydro  cor  Son 
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Fio.  1. 
Showing  mycelium  production   and   glucose   utilization  of   F}i,aa,rvwin  Ia/m  as 
influenced  by  1,2,5,6-dibenzanthracene. 


1,2,5,6-DiBENZANTHRACENE  ON  Fusarxwm  Mm 

A  series  of  16  Erlenmeyer  flasks  was  prepared,  each  flask  con- 
taining 100  cc.  of  medium.    Eight  of  the  flasks  contained  in  addition 
one  cc.  of  the  water  extract  described  above.    After  heat  sterilization 
each  flask  was  inoculated  with  a  spore-mycelium  suspension  of 
Fusarium  lini.    The  flasks  remained  at  room  temperature  through- 
out the  experiment.     The  flasks  were  arranged  in  pairs,  with  and 
without  hydrocarbon.    One  pair  was  analyzed  immediately  for  glu- 
cose by  means  of  a  saccharimeter.     Sugar  values  are  expressed  as 
saccharimeter  readings  using  a  400  mm.  tube.    At  frequent  intervals 
a  pair  of  flasks  was  removed  and  the  contents  filtered  through  a 
Gooch  crucible.    A  saccharimeter  reading  was  taken  on  the  filtrate, 
the  mycelium  being  washed,  dried  and  weighed.    In  all,  three  series 
were  run.     Similar  results  were  obtained  in  all  series.    The  results 
of  one  series  are  shown  graphically  in  Fig.  1. 

An  examination  of  the  data  presented  shows  that  water-soluble 
derivatives  of  1,2,5,6-dibenzanthracene  after  an  initial  inhibiting 
period  were  effective  in  stimulating  the  activities  of  Fusarium  lini 
as  evidenced  by  an  increase  in  the  weight  of  mycelium  and  a  more 
rapid  utilization  of  glucose. 
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Studies  on  the 
Fermentation  of  Tobacco 

2.    Microorganisms  Isolated  from 
Cigar-leaf  Tobacco 

J.  J.  Reid,  Assistant  Professor  of  Bacteriology,  D.  W.  McKinstry, 
Graduate  Scholar  in  Bacteriology,  and  D.  E.  Haley,  Professor 

of  Soil  and  Phytochemistry 

In  previous  publications  (10, 11, 12, 13)  the  authors  have  shown 
that  the  reproduction  of  certain  microorganisms  is  associated  with 
the  successful  fermentation  of  cigar-leaf  tobacco  and  that  the  leaf 
exhibits  a  characteristic  microflora,  the  predominating  forms  of 
which  are  determined  by  the  substrate-moisture-oxygen-tempera- 
ture relationships  maintained  during  the  course  of  fermentation. 
The  studies  reported  in  this  bulletin  represent  an  attempt  to 
describe  morphologically  and  physiologically  the  microorgamsms 
found  in  significant  numbers  on  cured  and  fermenting  cigar-leaf 
tobacco,  which  play  an  important  part  in  the  quality  of  the  ferment- 
ed  product. 

MATERIALS  AND  TECHNIQUE 

The  observations  reported  in  this  bulletin  are  based  on  the  study 
of  284VpSrulture  isLtions  of  -i^^rganisms  from  3^^^ 
of  cured  and  fermenting  cigar-leaf  tobacco,  table  1.  The  tobaccos 
?rom  which  these  isolations  were  made  were  representative  of  the 
dgS-mier  and  binder  types  produced  in  Pennsylvama,  Wisconsin 

^ YsoSns  of  cocci  and  aerobic  spore-forming  bacteria  were  made 

^a^h^n^rfLnd  on  the^^^^^^^^^^^^ 

made;  in  otj-  ---solat^^^^^^^  ^^^^^^^^  ,^^  ,,3, 

Sol  Z^^^^cX^^oneciion  suitable  for  the  identification 

•Authorized  for  publication  April  5.  1938. 
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of  the  various  forms  appearing  during  the  course  of  the  fermenta- 
tion, the  second  method  is  essential  to  a  study  of  the  physiological 
adaptations  taking  place  as  the  fermentation  proceeds,  and  obser- 
vations of  such  a  nature  are  based  on  this  second  method  of  col- 
lecting cultures. 

Table  1.— Pure  culture  isolations  from  different  samples  of  cigar-leaf 
tobacco.  .^^,____-_-_-^BB!H—— -———=-===— 


Isolated  From 


Number  of 
Samples 


Number  of  Isolations  of 
Aerobic 

Spore-        Other 
Cocci      formers    Bacteria    Fungi 


Total 


Cured  Pennsylvania, 

1937  crop 
Cured  Pennsylvania, 

1936  crop 
Cured  Wisconsin, 

1937  crop 
Case  fermenting 

Pennsylvania,  1936  crop 

Bulk  fermenting 
Pennsylvania,  1930  crop 

Laboratory  ferment- 
ing Pennsylvania,  1936  crop 

Bulk  fermenting 
Wisconsin,  1931  crop 

Laboratory  ferment- 
ing, Wisconsin  1937  crop 

Bulk  fermenting 
Ohio,  1932  crop 

Case  fermenting 
Maryland,  1936  crop 


15 

7 

109 

17 

210 

343 

112 

5 

419 

3 

317 

744 

9 

3 

57 

2 

141 

203 

22 

124 

71 

35 

230 

41 

56 

145 

1 

202 

76 

59 

233 

2 

7 

301 

36 

61 

139 

5 

43 

248 

31 

385 

42 

22 

19 

468 

10 

11 

40 

3 

54 

2 

4 

47 

51 

Totals 


354 


711 


1259 


822 


2844 


Crystal  violet  in  an  appropriate  concentration,  usually  1:200,000 
was  added  to  the  nutrient  agar  used  in  plates  made  for  the  purpose 
of  determining  the  presence  of  gram-negative  bacteria.  All  bac- 
terial colonies  appearing  on  these  plates  were  examined  micro- 
scopically and  isolations  were  made  from  all  colonies  found  to  be 
gram-negative  as  well  as  from  colonies  the  Gram  reaction  of  which 
at  this  time  was  not  well  defined.  In  further  efforts  to  determine 
the  presence  of  gram-negative  bacteria,  crystal  violet  was  added 
to  beef-extract  peptone  glucose  agar.  Dilution  plates  were  poured 
with  this  medium  and  colonies  picked  as  previously  described. 

Isolations  of  anaerobes  were  made  from  deep  tubes  of  crystal 
violet  beef-extract  peptone  glucose  agar.  With  a  concentration 
of  gentian  violet  of  1: 200,000  the  colonies  of  Micrococcus  and  Bacil- 
lus ordinarily  far  outnumbered  the  colonies  of  the  genus  Clostri- 
dium in  this  substrate,  rendering  isolation  of  the  anaerobes  some- 
what difficult.  The  pyrogallol  method  of  obtaining  anaerobic  con- 
ditions in  the  tubes  was  used  in  some  instances. 

Cellulose-fermenting  species  of  Clostridium  were  isolated  by  the 
enrichment  method,  using  the  medium  of  Omeliansky  and  incubat- 
ing duplicate  tubes  at  37  and  55°  C. 
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Morphological  identifications  of  fungi  were  made  from  the 
growth  on  glucose-peptone-acid  agar.  Isolations  were  made  from 
colonies  not  easily  identified  in  this  manner  and  were  the  subject 
of  further  study. 

Cultural  studies  useful  in  the  classification  of  the  several  bac- 
terial forms  found  were  made  in  all  cases.  These  studies  included 
all  morphological  and  physiological  information  found  to  be  of 
value  in  comparing  these  isolations  with  species  and  other  group- 
ings described  by  Bergey  (2),  Lehman  and  Neuman  (9),  Hucker 
(5),  and  Smith  and  Clark  (16), 

Micrococcus  isolations  that  showed  a  tendency  to  appear  in 
grapelike  clusters  were  investigated  serologically  according  to  the 
method  of  Julianelle  (7). 

MICROCOCCI  OF  CIGAR-LEAF  TOBACCO 

The  presence  of  gram-positive  cocci  upon  most  samples  of  cured 
and  fermenting  cigar-leaf  tobacco  is  easily  demonstrated.  Al- 
though greatly  outnumbered  by  the  spore-formers  on  the  cured 
leaf  the  cocci  have  been  found  to  multiply  rapidly  during  the 
early  stages  of  active  fermentation,  frequently  reaching  a  number 
by  plate  count,  in  excess  of  1,000,000,000  cells  per  gram.  As  a  rule 
their  numbers  decline  rapidly  following  this  maximum  and  it  be- 
comes increasingly  difficult  to  prove  the  presence  of  this  coccus 
form  in  the  later  stages  of  the  process.  .        i  .r 

Morphological  classification.-The  cocci  found  upon  cigar-leaf 
tobacco  may  be  roughly  classified  upon  the  basis  of  morphology,  m 

three  types:  ,..       .     , 

Type  I  —Cells  small,  occurring  in  grapelike  clusters 
tZe  IL-Cells  somewhat  larger  than  in  Type  I  and  occurring 
qin^lv  in  nairs,  and  in  small  clusters. 

Ty^;  ?II  -Ckls  much  larger  than  in  either  of  the  preceding 
tvp^  somewhat  oval,  occurring  singly,  in  pairs  and  m  clusters. 
sS  a  cScation,  however,  is  abritrary  and  extremely  unsatis- 
factory'ina  much  as  more  than  half  the  ^^f^'^-l'^''^^l'X: 
Siai  positions  With  res^^^^^^  ^^VlfZ^'S^^lt r':.^:^^^ 

rS;:STyptn-h:~ 

Unes  of  ^^:^^S  tt%S  sSg?s  LteS^^S 

tion,  iype  ii  wiui  /^  ,     r^orinH  of  highest  bacterial  count. 

"&"rn"  o^t   «X?^4.  production  reveals  .^. 
,      .f,n  I«Utions  from  tobacco  undergoing  a  satisfactory  fer- 

'Zttl  :S  non  Pign'ent^"  '»-•  '^  '^  '>'^'"*  """"^  '■'™ 
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been  isolated  from  cured  tobacco  and  from  tobacco  held  at  a 
moisture  content  too  low  for  active  fermentation. 

Gelatin  liquefaction  and  activity  in  litmus  milk  offer  a  basis  for 
the  classification  of  these  organisms  which  might  appear  satis- 
factory. A  cultural  description  of  the  five  types  and  one  hetero- 
geneous group  differentiated  in  this  manner  with  the  number  of 
isolations  falling  into  the  various  types  is  given  in  table  2. 

Table  2. Classification  of  711  cultures  of  micrococci  isolated  from  cured 

and  fermenting  tobacco,  upon  gelatin  liquefaction  and  action  in  litmus 
milk.   14  day  incubation. 


Action 

Upon 

Type  I 

Type  II 

Type  III 

Type  IV 

TypeV 

Group  VI 

Gelatin 

Crat- 

Crat- 

Crat- 

No  lique- 

No lique- 

Rapid, other 

eriform  eriform 

eriform 

faction 

faction 

than  Crat- 

• 

eriform 

Litmus 

Acid 

Acid, 

No 

Acid, 

No 

Proteolysis 

milk 

curd 

no  curd 

change 

no  curd 

change 

Dextrose 

+ 

+ 

+ 

+ 

— 

±:    .. 

Sucrose 

+ 

+ 

+ 

+ 

— 

:±z 

Lactose 

+ 

+ 

± 

+ 

— 

H: 

Mannitol 

+ 

+ 

+ 

— 

— 

— 

Growth  at 

. 

55°  C 

— 

— 

— 

— 

+ 

^^ 

Number  of 

isolations 

189 

151 

73 

51 

204 

43 

In  this  biochemical  separation,  as  in  morphological  separation, 
classification  rests  upon  purely  arbitrary  decisions.  An  incubation 
period  of  two  weeks  was  the  basis  of  the  separation  upon  gelatin 
and  litmus  milk  reactions.  Any  other  incubation  period  would 
give  different  groupings  of  the  cultures;  shorter  incubation  would 
move  many  of  Type  I  into  Type  II,  many  of  Type  II  into  Type  III, 
etc.  On  the  other  hand  a  longer  incubation  woud  move  many  of  the 
Type  IV  and  V  cultures  into  Types  I,  II  or  III,  some  Type  III  cul- 
tures into  Type  II  and  some  Type  II  cultures  into  Type  I.  In  other 
words,  cultures  classified  in  one  type  often  differ  from  those  in  an- 
other type  not  in  the  inherent  ability  to  carry  out  a  certain  reaction 
but  in  the  speed  with  which  the  particular  cultures  are  able  to 
bring  it  about. 

Inasmuch  as  attempts  to  classify  cultures  of  micrococci  obtained 
from  tobacco  suggested  the  possibility  of  physiological  adaptations 
to  an  ever-changing  environment,  a  series  of  217  isolations  of  micro- 
cocci from  a  single  small  experimental  bulk  of  fermenting  tobacco 
were  made  in  the  course  of  18  days.  Dilution  plates  were  poured 
with  sufficient  interpolations  in  the  series  to  obtain  each  day  a  plate 
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with  from  20  to  40  colonies.  Isolations  were  made  from  all  colonies 
appearing  on  these  plates  and  a  study  was  made  of  the  morpho- 
logical and  physiological  characteristics  of  the  cultures  of  cocci. 

The  morphological  classification  of  the  daily  isolations  of  cocci 
are  shown  in  figure  1.  Although  the  isolations  made  the  first  day 
of  the  fermentation  were  easily  classified  as  staphylococcus-like  in 
appearance,  and  most  of  those  isolated  toward  the  end  of  the  18-day 


lOO 


60 


60 


AO 


20 


GR.APe-Ll^f    CLUSTERS 


INGLY,  PAIRS  *- SMALL  GROUPS  I  I  LARGER  OVAL  CtLLS 


Fig.  1.— Morphological  classification  of  micrococci  isolated  from  a  bulk 
of  fermenting  tobacco. 

fermentation  were  obviously  large  oval-celled  cultures,  many  if 
not  most  of  the  cultures  isolated  from  the  third  to  ninth  days  were 
classified  arbitrarily  as  these  isolations  represented  morphological 
intermediates.  The  two  extremes  are  shown  in  figures  2  and  3. 


■  ■    1  *  J  ir,  tVia  initial  stace  of  cigar-leaf  fermentation. 
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Figure  1  emphasizes  the  relation  of  morphological  type  to  the 
stage  of  the  fermentation,  confirming  previous  conclusions  made 
on  the  basis  of  more  or  less  random  isolations.  A  study  of  the  217 
cultures  reveals  that  the  change  is  indeed  a  gradual  one. 

Classification  by  gelatin  liquefaction  and  action  in  litmus  milk.— 
The  description  of  the  five  types  and  one  heterogenous  group  Usted 
in  table  3  is  presented  in  table  2.  Table  3  reveals  a  daily  change  in 
the  biochemical  activities  of  the  predominant  cocci  of  the  bulk. 

Table  3  —Cultural  classification  of  217  cultures  of  micrococci  isolated 
from  a  buik  of  fermenting  tobacco  during  a  period  of  18  days.  


Day  OP 
Isolation 


Type  I  Type  II         Type  III        Type  IV         TypeV        Group  VI 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Ninth 

Fourteenth 

Seventeenth 

Total   cultures 


27 
14 
19 
3 
5 
6 
3 
0 
0 
0 
0 


3 
6 

4 
4 
3 
8 
2 
8 
8 
1 
4 


0 
0 
1 
0 
3 
26 
2 
7 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 

1 

10 
10 
18 


0 
0 
0 
0 
0 
0 
0 
0 
3 
5 
0 


77 


45 


39 


12 


8 


Starting  with  an  active  type  of  organism  capable  of  hquefying 
gelatin,  producing  an  acid  curdling  of  milk  and  fermenting  several 
of  the  common  sugars,  the  change  proceeds  by  degrees  to  a  f orni 
incapable  of  liquefying  gelatin,  producing  no  change  in  milk  and 
unable  to  ferment  the  common  carbohydrates.  Gelatin  liquefac- 
tion of  these  organisms  is  shown  in  figure  4. 

Figure  1  and  table  3  show  that  there  is  some  relation  between 
morphology  and  cultural  characteristics.  Micrococci  occurring  in 
grape-like  clusters  usually  fall  in  Types  I  or  II  of  table  2,  and  the 
larger  oval-celled  forms  more  often  fall  in  the  relatively  inert 
Type  V.  But  the  relationship  is  not  an  exact  one  and  morphological 
types  are  scattered  throughout  the  six  biochemical  groupings. 

The  speed  of  the  reaction  rather  than  the  reaction  itself  de- 
termines, in  many  cases,  the  classification  made  in  tables  2  and  3. 
The  speed  of  these  reactions  is  of  interest  in  this  connection,  par- 
ticularly with  reference  to  gelatin  liquefaction  and  changes  in 

litmus  milk. 

That  the  changes  in  the  ability  to  liquefy  gelatin  as  the  fermenta- 
tion of  the  bulk  proceeded  are  rather  gradual  in  nature  is  shown  m 
table  4.  All  gelatin  liquefiers  among  the  217  isolations  made  from 
this  experimental  bulk  were  included  in  table  4  with  the  exception 
of  the  eight  cultures  classified  in  Group  VI,  table  3.  These  cultures 
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liquefied  the  gelatin  rapidly,  in  either  saccate  or  stratiform  man- 
ner and  apparently  bear  little  relation  to  the  other  209  isolations 
from  the  bulk. 

All  micrococcus  isolations  from  the  bulk  have  been  cultured  in 
litmus  milk  and  gelatin  several  times  and  the  results  have  agreed 
extremely  well.  The  cultures  have  not  been  held  within  the  labora- 
tory for  sufficient  time  to  make  any  statement  as  to  retention  of 
initial  characteristics  on  prolonged  laboratory  cultivation. 

Table  4. — ^The  speed  of  gelatin  liquefaction  by  micrococci  isolated  dur- 
ing the  course  of  18  days  from  a  fermenting  bulk  of  cigar-leaf  tobacco. 


Day  OF 
Isolation 


Per  Cent  OF  Cocci 

Giving  Crateriform 

Gelatin  Liquefaction 


Days  of  Incubation 

at  20  °C  Necessary 

TO  Obtain  Evidence 

OF  Liquefaction 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eight 

Ninth 

Fourteenth 

Seventeenth 


100 

100 

100 

100 

100 

90 

80 

80 

50 

38 

20 


1-  2  days 

2  days 

3  days 

3-  4  days 

4  days 

4-  5  days 

5  days 

5-  6  days 

10  days 

10  days 

10-12  days 

The  litmus  milk  reactions  of  this  group  of  cultures  present  a 
picture  strikingly  similar  to  that  presented  by  the  gelatm  char- 
acteristics. As  daily  isolations  were  made  there  was  first  noted  a 
gradual  change  in  the  length  of  time  required  '^.^'^f^^l^^^^^'^^l 
lowed  by  an  increasingly  larger  percentage  of  ^so^^t^^f /.^^^Pf  ?,^J 
of  coagulation.  This,  in  turn,  was  accompamed  and  fo  lowed  by 
changes  in  the  ability  to  produce  an  acid  reaction  m  milk,  the  length 
of  t"me  required  for  such  acid  production  becoming  increasmgly 
^oVrr  Eventually  most  isolations  were  unable  to  produce  changes 
longer   i^yentuauy  incubation.  With  regard  to 

IL'^.^nizatSn^of  carboS^^^^    and  alcohols  as  sources  of  energy 
the "o  s  of  he  abilUy ^utilize  mannitol  was  first  noted,  followed 
the  loss  ot  tne  aoimy  produced  in  lactose,  the  length  of 

lTr:quye'd^?prXe:^^^^^^^^  any  of  the  carbohydrate  media 
eZloyed  and  finally  the  loss  of  the  ability  to  ferment  the  com- 
mon carbohydrates.  ^  f ^^  the  changing  mor- 
JriaHndX^ologn^^^^^  of  the  isolations  of 
phological  and  P^^ro  undergoing  fermentation.  It  may  be  as- 
micrococci  from  tobacco  "f^^^^f '"!_„-terized  by  a  succession  of 
sumed  that  the  fermentation  is  characterizea  uy 
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species  or  physiological  types  of  cocci,  one  species  replacing  an- 
other in  rapid  succession;  or  that  the  isolations  merely  reflect 
physiological  adaptations  of  a  species  to  a  constantly  changing  en- 
vironment. Perhaps  some  of  the  changes  noted  may  actually  repre- 
sent succession  of  species  and  others  physiological  adaptation. 


Fig  4.— Gelatin  tubes  inoculated  with  micrococci  isolated  at  successive 
stages  in  the  fermentation.  Incubation  14  days.  Tube  at  extreme  left  moc- 
ulated  with  isolation  obtained  on  the  first  day  of  fermentation;  tube  on  the 
extreme  right  inoculated  with  isolation  made  the  fourteenth  day  of  the 
fermentation.  Note  loss  in  speed  with  which  liquefaction  of  gelatin  taRes 
place. 

In  further  efforts  at  classification  other  cultural  characteristics 
of  the  209  isolations  listed  as  Types  I  to  V  inclusive  in  table  3  were 
determined.  All  proved  able  to  reduce  nitrates  to  nitrites,  none 
was  able  to  grow  on  the  mono-ammonium  phosphate  medium  of 
Hucker  (5),  none  was  able  to  utiUze  urea  and  growth  on  potato  was 
slow,  restricted  and  yellow  to  white  in  color.  The  precipitin  test  of 
Julianelle  (7)  showed  no  relation  between  these  isolations  and 
either  the  A  or  B  groups  of  staphylococci. 

Although  it  is  not  suggested  that  this  collection  of  cultures  repre- 
sents species  hitherto  undescribed,  nevertheless  the  schemes  of 
classification  of  Hucker  (5)  and  of  Bergey  (2)  offer  little  help  in 
the  classification  of  the  various  types  of  this  collection.  The  scheme 
of  Lehmann  and  Neumann  (9)  is  more  useful.  Types  I  to  IV,  table 
3,  might  be  considered  as  varieties  of  Micrococcus  candicans  as 
described  by  Lehmann  and  Neumann  (9).  Type  V  might  be  con- 
sidered as  closely  related  to  Micrococcus  viticulosus  of  the  same 
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authors.  There  is  much  more  latitude  in  the  definition  of  a  species 
by  Lehmann  and  Neumann  (9)  than  by  either  Hucker  (5)  or 
Bergey  (2),  However,  in  the  consideration  of  such  a  tentative 
classification,  the  morphological  characteristics  of  Micrococcus 
viticulosus,  although  corresponding  with  the  characteristics  of  a 
majority  of  the  forms  classified  in  table  3,  Type  V,  are  found  to  a 
lesser  extent  in  most  of  the  other  types  of  table  3. 


ICXD 


-E^DO-F  CURING 


hiTlAL    STAGtOf      AcTIVt    SlAG^        ^^lAJAL   STAGf  OP 
fEf^MfAJTATlOAi      OP  PRMfNTATDN    f  PRMt^TAT  lOAI 


StAG€     at    which      iSOLAT-tD 


|[).M€GATH€R.1UM 
GP.OUP 


OP.OUP 


c 


]b.  SUbTILlS-MtSENTPR.- 
ICUS-VULQATUS    GROUP 


GP.OUP  - 

P5-  5     Relative  numbers  of  the  three  groups  of  aerobic  spore-formers 
foS  orTdgaSlIf  tracco  at  various  stages  in  the  processmg. 

rn^e  presence  of  micrococci  onJ^^-f-^^^^%]l^^l 
noted  by  Schloesing  (^{^^^^l^^^^^JZ^^^^^  on  fer- 

ed  a'^.o'^gf"^^^";  *^1^!^'^^^^^^^^^  however,  as  gram-negative. 

r,r*"/t  nsToL^v'd^o  ci  on  toba;:co  of  poor  quality.  Johnson 
Schmidt  (15)  observea  cue  leaves.   Giovannozzi  (4) 

(6)  found  .^taphyloco-  on^^^^^^^^^^^^^  ^^^,  ^,,,,^^ 

found  COCCI  on  the  f^'^"?^f;"lf„  ..opiated  with  the  fermentation. 
Volganow  also  found  this  f o  m  associated         ^^^^.  . ^  ^^  ^^^^.^^_ 
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organism  described  by  Rossi  as  reported  by  Giovannozzi  (4)  bears 
a  striking  similarity  to  Type  V,  table  3. 

Occurring  frequently  in  numbers  exceeding  1,000,000,000  per 
gram,  the  importance  of  micrococci  in  the  fermentation  of  cigar- 
leaf  tobacco  cannot  be  denied.  Inasmuch  as  these  have  been  found 


17. 


14 


Z  A  6  &  iO 

Time    i/^    days 

b.5UbTlLI&    GROUP b.  M€GATH€-RiUM    GROUP MICROCOCCUS    SP. 

Fio  6  —Prepared  from  data  obtained  in  a  laboratory  fermentation,  show- 
ing the  numbers  of  the  B.  suhtilis  group,  B.  megatherium  group  and  cocci 
found  throughout  the  course  of  16  days.  In  a  general  way  this  corresponds 
with  data  obtained  from  commercial  fermentation  of  the  rapid  type. 

upon  tobacco  of  the  highest  quality  as  well  as  upon  inferior  grades 
and  in  fermentations  pronounced  entirely  satisfactory  by  the  manu- 
facturer, micrococci  must  be  considered  important  members  of  the 
normal  flora  of  the  fermenting  cigar-leaf. 

BACILLI  OF  CIGAR-LEAF  TOBACCO 

All  samples  of  cigar-leaf  tobacco  examined  in  this  laboratory 
have  shown  the  presence  of  aerobic  spore-formers.  The  numbers 
found  have  varied  from  a  few  thousand  per  gram,  in  some  samples 
of  cured  tobacco  and  improperly  fermenting  tobacco,  to  counts  in 
excess  of  1,000,000,000  per  gram  in  samples  taken  from  the  active 
stages  of  fermentation. 

More  than  1200  pure  culture  isolations  of  this  group  of  bacteria 
were  studied.  The  scheme  of  Smith  and  Clark  (16)  has  been  found 
useful  in  an  attempt  to  classify  these  isolations.  Classified  accord- 
ing to  this  scheme  the  isolations  have  fallen  into  three  groups,  the 
Bacillus  megatherium-cereus  group,  the  B.  suhtilis-mesentericus- 
vulgatus  group  and  the  B.  hrevis  group,  table  5,  and  figure  5. 
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Organisms  of  the  B.  megatherium-cereus  group  liquefy  gelatin 
rapidly,  produce  no  gas  in  carbohydrate  media,  store  reserve  ma- 
terials which  may  easily  be  demonstrated  in  the  cell,  lose  their 
gram-positive  characteristics  within  a  short  time  following  trans- 
fer, produce  a  rather  large  cell  containing  central  to  eccentric 
spores,  frequently  are  found  in  rather  long  chains,  grow  best  in  the 
temperature  range  of  25  to  35°  C  and  fail  to  grow  at  a  temperature 
of  50°  C. 

Table  5. — Classification  of  ihe  aerobic  spore-forming  bacteria  isolated 
from  cigar -leaf  tobacco. 


Organism 


Stage  at  Which  Isolated 
End  of  Fermentation 

Curing 

initial      active      final 
stage       stage      stage 


Total 


B.  megatherium  group 
B.  brevis  group 

B.  suhtilis-mesentericus-vul- 
gatus  group 


/  Type  A 
\  Type  B 
)  Type  C 
(  Type  D 


463 
9 
21 
15 
37 
40 


57 
12 
10 
16 
21 
23 


0 

ao 

155 
35 


21 

5 
42 
22 

16 
133 


541 
37 

138 
83 

229 

231 


Total 


585 


139 


296 


239 


1259 


A  microphotograph  of  a  member  of  this  group  is  presented  in 
figure  7  This  is  the  characteristic  bacterial  group  of  cured  tobacco, 
usually  outnumbering  all  other  bacterial  groups  on  plates  inoculat- 
ed from  the  cured  leaf.  It  has  not  been  found  to  reproduce  to  any 
great  extent  during  the  normal  fermentation,  although  it  may  often 
feToundIn  slighti?  greater  numbers  at  the  ^^^oi^^^^l^^^S 
than  at  the  beginning.  More  than  one  species  of  this  group  is  louna, 

vulgatus  group  being  present  at  ^^^t  stage  for^tnepp  ^^^ 

uefy  gelatin,  do  not  produce  g^/J^^^/^tnol  usually  retain  gram- 
reserve  fat,  produce  ^^^ty  -meth^  , '^^^^^^^  ^^  g  ^^g„. 
positive  character  much  lo"^^'^^^^^^"  efsm^^^  cell  as  contrasted 
thenum-cereus  f «"?' P^-f  "^^^^  '^,Z  are  ordinarily  central  to 
with  many  members  of  the  genus,  spor 
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eccentric,  cells  often  found  singly,  in  pairs  or  short  chains,  and 
grow  over  a  rather  wide  range  of  temperature,  many  forms  grow- 
ing at  55°  C.  This  is  the  characteristic  spore-forming  group  of 
fermenting  tobacco.  During  the  course  of  the  actual  fermentation 
of  the  tobacco  this  group  has  never  been  found  to  be  outnumbered 
by  any  form  other  than  micrococci  and  then  for  only  a  limited 
period. 

Table  6.— Distinguishing  cultural  characteristics  of  the  four  types  of  the 
B.  suhtilis-mesentericus-vulgatus  group  found  on  fermenting  cigar-leaf 
tobacco.  


Type 


B 


D 


Growth  on 
potato 

Growth  on  ferric 
ammonium 
citrate  tryp- 
tone  agar 

Liquefaction 
of  gelatin 


Very  slow,      Rapid 
pink,   glis-      growth, 
tening, 
vesicular 

Pink,  vesicu- 
lar, spread- 
ing 


Dark  gray  Wrinkled, 
to  brown,         without 
smooth  or        pigment  or 
rough  pink 

Rough,  dry,  netted,  cream  colored 


pink, 
smooth 


Saccate 


Saccate 


Crateriform     Saccate 
becoming 
stratiform 
Coagulated  without  acid,  serum  zone,        Rapid  corn- 
slow  proteolytic  action  plete 

digestion 

Ferments  Variable  Variable  Does  not 

with  ferment 

pellicle 

Does  not  Ferments         Does  not  ferment 
ferment 
Growth  at  55°  C   Good  Variable  None 


Litmus  milk 


Galactose 


Raffinose 


All  isolations  of  this  group  from  tobacco  grow  well  on  a  synthet- 
ic substrate  utilizing  an  ammonium  salt  as  the  source  of  nitrogen. 
Energy  is  readily  supplied  by  the  citrate  and  malate  ions  and  by  a 
number  of  the  common  carbohydrates.  Cultivation  upon  labora- 
tory media  shows  that  the  isolations  belonging  to  this  group  may 
be  roughly  classified  into  four  types.  The  incidence  of  these  four 
types,  termed  A,  B,  C  and  D  for  convenience,  is  shown  in  table  5 
and  the  distinguishing  characteristics  in  table  6. 

Type  A  of  the  B.  suhtilis-mesentericus-vulgatus  group  is  char- 
acterized by  ability  to  grow  well  at  55°  C,  formation  of  a  pelli- 
cle on  many  substrates  in  which  the  other  three  types  of  this  group 
fail  to  form  pellicles,  peculiar  pink  vesicular  growth  on  ferric  am- 
monium citrate  tryptone  agar,  and  crateriform  to  stratiform 
liquefaction  of  gelatin.    The  colony  formation  of  this  organism 
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when  cultivated  at  45°  C  or  lower  is  peculiar,  the  colony  appear- 
ing as  a  rosette  covered  with  vesicles.  Higher  temperatures  fre- 
quently result  in  a  slimy  type  of  growth,  a  phenomenon  common 
with  this  type  of  organism.  Type  A  has  been  found  on  all  satis- 
factorily fermenting  cigar-leaf  tobacco  examined  and  is  present 
in  great  numbers  during  the  active  stage  of  the  fermentation.  With- 
out doubt  this  type  is  of  significance  in  the  fermentation  process.  It 
is  probably  a  variant  of  B.  suhtilis. 


Fig.  7.— Microphotograph  of  a  typical  member  of  the  Bacillus  megather- 

iwm-cerews  group.  (950  X)  ^         ^   ,  ^,    ^    j- 

Fig.  8.— Microphotograph  of  a  typical  member  of  the  genus  Clostridium 
isolated  from  an  early  stage  of  bulk  rot.  .(950  X) 

Type  B  has  also  been  found  on  most  fermenting  tobacco  ex- 
amined but  usually  in  smaller  numbers  than  Type  A.  This  form 
differs  from  the  other  three  types  in  ability  to  ferment  raffinose  and 
growth  on  potato,  which  is  rapid,  smooth  and  pink  in  color.  Ac- 
tivity in  litmus  milk  is  similar  to  that  of  A  and  C ;  liquefaction  of 
gelatin  and  growth  on  ferric  ammonium  citrate  similar  to  that  of 
C  and  D.  Although  this  type  bears  a  certain  relation  to  B.subMis 
in  many  respects  it  more  closely  resembles  B  vulgatus  and  might 
beTonsidered  a  variant  of  the  latter.  Gelatin  liquefaction  of  these 
organisms  is  shown  in  figure  9.  u  ^  -v,  o^rv,o 

Type  C  bears  a  certain  resemblance  to  B.  subtihs  but  in  some 
rp  JpTfc.  more  closely  approximates  B.  mesentericus.  This  form 
Trows  w^^^^^^^^  while  growth  at  55^  C  is  variable.  It  is  char 

SLrd  in  particular  by  growth  on  potato  which  is  similar  to 
f^lfnfR  ^P^entericus   It  has  been  found  on  all  cigar-leaf  tobacco 

£r„"l:n'  II  Sr  found  .n  ^^'^^''^'^^T"^- 
Tvne  D  is  the  predominant  type  during  the  final  stages  ot  t^e  ler 
mentauin  of  cigar-leaf  tobacco  from  Ohio  and  Wisconsm.  More 
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than  half  of  all  isolations  made  at  that  phase  have  been  of  this 
tvpe  when  the  tobacco  v^as  produced  in  Ohio  or  Wisconsin.  This 
type  has  not  been  isolated  from  Pennsylvania  crops.  It  differs 
from  the  other  three  types  in  its  activity  in  milk,  completely  di- 
gesting the  milk  without  coagulation  within  a  period  of  48  hours. 
The  character  of  the  growth  on  potato  also  differs  from  the  other 
types  The  temperature  range  of  this  type  is  not  as  wide  as  in  the 
case  of  the  other  three.  It  grows  best  at  37°  C,  very  little  at  45°  C 
and  fails  to  grow  at  55°  C.  It  is  probably  a  variant  of  B.  vulgatus. 
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Fig.  9.— Gelatin  liquefaction  by  aerobic  spore-formers  isolated  from  to- 
baccl  From  left  to  right,  liquefaction  typical  of  the  B.  megathermm  gvo^. 
Type  A  of  the  B.  subtilis-mesentericus-vulgatus  group,  Type  B  of  the  same 
group.  Types  C  and  D  react  as  does  B. 

That  these  four  types  are  distinct  is  open  to  question.  The  char- 
acteristics exhibited  at  the  time  of  isolation  have  been  retained  in 
the  laboratory  for  more  than  a  year.  Type  A  differs  sufficiently 
from  the  others  to  be  set  apart.  The  other  three  might  be  com- 
bined in  one  or  two  types. 

From  the  data  collected  in  this  laboratory  the  conclusion  must  be 
drawn  that  the  significance  of  the  B.  suhtilis-mesentencus-vul- 
gatus  group  in  the  fermentation  of  cigar-leaf  tobacco  is  great.  Re- 
production to  the  extent  noted  in  this  group  cannot  be  accomplished 
without  important  modification  of  the  substrate. 

The  B.  hrevis  group  has  been  encountered  less  often  than  either 
of  the  other  two  groups  of  aerobic  spore-formers.  It  has  not  been 


I 


found  on  fermenting  Pennsylvania  tobacco  although  isolated  from 
tobacco  grown  in  Ohio  and  Wisconsin.  It  is  apparently  never  pre- 
sent in  great  numbers  when  compared  with  the  numbers  of  the  B. 
subtilis-mesentericus-vulgatus  group.  Reproduction  must  take 
place  to  some  extent  during  the  fermentation,  however,  as  it  has 
been  isolated  a  number  of  times  from  the  high  dilutions  plated  dur-  . 
ing  periods  of  active  fermentation.  This  group  differs  from  the  B. 
subtilis-mesentericus-vulgatus  group  in  inability  to  produce 
acetyl-methyl  carbinol,  very  slow  proteolysis  of  milk  and  inability 
to  hydrolyze  starch. 

Schloesing  (14)  and  Suchsland  (17)  described  organisms  on  fer- 
menting tobacco  which  were  probably  aerobic  spore-formers. 
Davalos  (3)  found  bacilli  and  described  five  types,  some  of  which 
were  undoubtedly  identified  with  the  Bacillus  suhtilis-^mesen- 
tericus-vulgatus  group.  Behrens  (1 )  specifically  mentioned  B.  sub- 
tilis  and  Vernhout  (18)  definitely  identified  the  tobacco  organisms 
studied  as  members  of  the  B.  subtilis  group.  Koning  (8)  reported 
both  gram-positive  and  gram-negative  organisms  and  among  the 
former  described  some  of  his  types  as  related  to  B.  subtilis  and  B. 
vulgatus.  Schmidt  (15)  reported  B.  mesentericus  on  Ohio  tobacco 
of  good  quality.  Johnson  (6)  observed  "large  bacteria"  and  showed 
colony  pictures  which  leave  little  doubt  that  members  of  the  genus 
Bacillus  were  encountered  by  him.  Giovannozzi  (4)  stated  that  B. 
mesentericus,  B.  subtilis,  B.  megatherium  and  B.  mycoides  were 
found  by  Rossi  on  fermenting  tobacco. 

It  is  concluded  from  the  data  presented  in  this  and  the  preceding 
section  that  members  of  the  genera  Bacillus  and  Micrococcus  are 
the  microorganisms  definitely  associated  with  the  fermentation 
of  cigar-leaf  tobacco.  Figure  6  shows  the  numbers  of  these  two 
genera  present  in  a  typical  fermentation. 

OTHER  MICROORGANISMS 

The  oresence  of  large  numbers  of  aerobic  spore-forming  bac- 
teria and  coc'S  renders  the  use  of  a  bacteriostatic  agent  necessary 
InTnv  attempt  to  determine  the  presence  of  gram-negative  bac- 
erfa  upoSacco  of  the  cigar-leaf  type.  For  th  s  Purpose  crystal 
vloit  was  chosen  and  various  concentrations  utilized  in  an  effort  to 
rStt^egra  "positive  forms  and  permit  the  growth  of  the  gram- 
negative  bacteria.  „^^x:.,,iai.iv  if  the  leaf  is  diseased,  it  is 

f  dXult  JoTsol    eU-^^^^^^^^^^^  oi  the  type  Achromo- 

not  difficult  to  isolate  g  ^  „f  ^^ese  gram-nega- 

l^X'^^tleZeXT^il^e  genus  Phytomonos  but  the  attempt 
has  not  been  -Tde  to  identify  these  isolations  as  such. 


16  Pennsylvania  Agricultural  Experiment  Station 


If  fermentation  progresses  in  a  satisfactory  manner  it  becomes 
very  difficult  to  demonstrate  the  presence  of  gram-negative  forms. 
The  few  colonies  developing  upon  crystal  violet  agar  are,  as  a  rule, 
members  of  Micrococcus  and  Bacillus  groups  which  the  dye  has 
failed  to  inhibit.  Gram-negative  bacteria  cannot  be  assigned  any 
sienificant  role  in  the  fermentation  of  cigar-leaf  tobacco,  on  the 
basis  of  data  accumulated  in  this  laboratory.  A  few  investigators, 
such  as  Koning  (8),  have  reported  gram-negative  organisms,  but 
it  is  not  clear  that  the  type  of  tobacco  examined  was  comparable  to 
the  cigar-leaf  of  Pennsylvania,  Ohio  and  Wisconsin.  That  gram- 
negative  forms  multiply  upon  certain  of  the  cigarette  types  is 

easily  demonstrated. 

The  presence  of  members  of  the  genus  Clostridium  can  be  shown 
bv  anaerobic  incubation  using  crystal  violet  in  the  substrate  to  in- 
hibit the  facultative  cocci  and  bacilli.  These  forms  are  either  un- 
dergoing some  multiplication  in  the  normal  fermentation  or  the 
spores  are  becoming  more  subject  to  germination  on  laboratory 
media  as  the  fermentation  progresses,  as  it  becomes  less  difficult  to 
demonstrate  this  type  in  the  later  stages  of  the  fermentation.  In  in- 
cipient spoilage  due  to  lack  of  aeration,  and  in  actual  rotting  of  the 
tobacco,  these  forms  are  found  in  large  numbers.  A  microphoto- 
eraph  of  a  member  of  this  genus  isolated  from  tobacco  is  shown  in 
figure  8.  Oval,  terminal  spores  seem  characteristic  of  Clostridium 

found  on  tobacco.  .    ^,     ,    ,, 

Examination  of  tobacco  in  the  early  stages  of  rotting  in  the  bulk 
fermentation  reveals  the  presence  of  Clostridium  of  the  cellulose- 
fermenting  type.  Isolation  of  these  is  accomplished  in  the  medium 
of  Omeliansky,  pure  cultures  of  types  multiplying  at  55°  C  having 
been  obtained  in  this  manner,  following  several  enrichment  trans- 
fers Growth  at  37°  C  of  a  similar  type  has  been  shown,  but  this 
has  been  found  less  frequently  than  has  the  thermophilic  form. 

Fungi  on  cured  cigar-leaf  tobacco.— The  presence  of  fungi  in 
large  numbers  is  characteristic  of  cured  cigar-leaf  tobacco.  More 
than  70  per  cent  of  the  fungi  forming  colonies  on  the  laboratory 
media  have  been  identified  as  members  of  the  genera  Penicillium 
and  Aspergillus,  the  former  genus  being  found  more  often  than  the 
latter.  The  several  other  colonies  examined  proved  to  be  represen- 
tative of  a  number  of  genera  of  the  type  commonly  encountered  In 
the  examination  of  soil  and  plant  material.  Inasmuch  as  all  these 
forms  disappeared  within  a  short  time  in  the  normal  fermentation, 
it  is  thought  that  they  have  no  important  role  in  the  process.  Torula 
have  occasionally  been  encountered  on  acid  agar  plates  inoculated 
from  fermenting  tobacco,  but  never  in  significant  numbers. 
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SUMMARY 

Microorganisms  of  cured  and  fermenting  cigar-leaf  tobacco  that 
were  found  in  significant  numbers  have  been  isolated  and  studied 
in  pure  culture. 

The  predominant  forms  upon  the  cured  leaf  were  bacteria  of  the 
Bacillus  megatherium  group  and  fungi  of  the  genera  Penicillium 
and  Aspergillus. 

Satisfactory  fermentation  is  associated  with  a  rapid  rise  in  num- 
bers of  bacteria  of  the  Micrococcus  candicans  type  and  the  Bacil- 
lus suhtilis-mesentericus-vulgatus  group. 

The  predominant  types  upon  the  cured  leaf  apparently  play  lit- 
tle if  any  part  in  a  satisfactory  fermentation,  viable  fungi  disap- 
pearing entirely  in  the  early  stages  of  the  fermentation  and  bac- 
teria of  the  Bacillus  megatherium  group  failing  to  show  any  sig- 
nificant increase  in  number  during  the  process. 

The  morphological  characteristics  of  the  cocci  multiplying  upon 
cigar-leaf  tobacco,  range  from  grapelike  clusters  of  small  spherical 
cells  in  early  stages  to  large,  oval-celled  forms  in  later  stages. 

Many  of  these  cocci  resemble  Micrococcus  candicans  in  cultural 
characteristics.  This  type,  however,  is  preceded  by  a  somewhat 
more  active  type  (physiological  activity)  and  followed  by  a  less 

active  form.  ,   ... 

The  cultural  characteristics  of  the  bacteria  of  the  B.  subtilis- 
mesentericus-vulgatus  group  reproducing  on  fermenting  tobacco 
allow  division  into  four  types.  Three  of  these  types  are  found  in 
great  numbers  during  the  more  active  stages  of  the  fermentation 
The  fourth  is  usually  found  in  the  final  stages  ^nd  may  represent 
physiological  changes  induced  in  one  or  more  of  the  three  types 
present  in  great  numbers  in  the  earlier  stages.  One  type  m  gh  be 
characterized  as  a  variant  of  Bacillus  subtiUs,  the  others  might  be 
coSidered  variants  of  Bacillus  mesentericus  or  B.  vulgaus,  posses 
shig  as  they  do  some  of  the  distinguishing  characteristics  of  each 

""^MembSrof  the  genus  Clostridium  are  present  on  cured  tobacco 
and  may  under  ceftain  conditions,  multiply  rapidly,  seriously  af- 
jrctine  the  quality  of  the  finished  product.  Insufficient  oxygen  is 

tributed  to  members  of  this  genus^  ^^^^  ^^^ 

Gram-negative  bacteria  ^"^  "7;^^^^^^^^^^^  of  cigar-leaf 

been  found  reproducing  in  a  satisiaciory  itjin 

tobacco. 


18         Pennsylvania  Agricultural  Experiment  Station 


Bibliography 

n )  Behrens,  J.  1896.  Die  Beziehungen  der  Mikroorganismen  zum  Tabaks- 
bau  und  zur  Tabakfabrikation.   Centbl.  Bakt.  etc.   (II)   2:514-527, 

540-545 

(2)  Bergey,  D.  H.  1934.  Manual  of  Determinative  Bacteriology.  Fourth 

Edition.  The  Williams  and  Wilkins  Company,  Baltimore,  Md.  664  pp. 

(3)  Davalos,  J.  U.  1892.  Nota  sobre  la  fermentacion  del  tabaco.  Cronica 

Medica-Quirurgica  Hahana  No.  15  (Abstract  in  Centbl.  Bakt.  etc.  (I) 

13*390-392  1893.) 

(4)  Giovannozzi,  Mario.  1935.  Studi  sulla  fermentazione  del  tabacco.  la 

Nota-sviluppo  microbia  nella  fermentazione  ammoniacale  del  ta- 
bacco Kentucky.  R.  Instituto  Sperimentale  Coltivazioni  Tabacchi. 
Estratto  dal  Bollettino  Technico  N.  2,  XIII. 

(5)  Hucker,  G.  J.  1928.  Further  studies  on  the  classification  of  the  micro- 

cocci. New  York  Agr.  Expt.  Sta.  (Geneva)  Tech.  Bull.  135. 

(6)  Johnson,  J.  1934.  Studies  on  the  fermentation  of  tobacco.  Jour.  Agr. 

Res.  49:137-160.  ,     .     , 

(7)  Julianelle,  L.  A.  and  C.  W.  Wicghard.  1935.  The  immunological  speci- 

ficity of  Staphylo  cocci.  I.  The  occurrence  of  serological  types.  Jour. 
Exp.  Med.  62:11-21.  .  ^     . 

(8)  Koning,  C.  J.  1900.  Der  Tabak:  Studien  uber  seine  Kultur  und  Biologie. 

86  pp.  Amsterdam  and  Leipzig. 

(9)  Lehmann,  K.  B.  and  R.  O.  Neumann.  1931.  Determinative  Bacteriol- 

ogy. Enghsh  translation  of  the  seventh  revised  German  edition. 
2  volumes.  G.  E.  Stechert  and  Co.,  New  York. 

(10)  McKinstry,  D.  W.,  D.  E.  Haley  and  J.  J.  Reid.  1938.  A  bacteriological 

study  of  the  bulk  fermentation  of  cigar-leaf  tobacco.    Jour.  Bact. 

35:71. 

(11)  Reid,  J.  J.,  D.  W.  McKinstry  and  D.  E.  Haley.  1937.  The  fermentation 

of  cigar-leaf  tobacco.  Science  86(2235) :404. 

(12)  Reid,  J.  J.,  D.  E.  Haley,  D.  W.  McKinstry  and  J.  D.  Surmatis.  1937.  The 

relation  of  catalase  activity  to  the  microflora  of  cured  and  ferment- 
ing tobacco.  Jour.  Bact.  34:460. 

(13)  Reid,  J.  J.,  D.  W.  McKinstry  and  D.  E.  Haley.  1938.  Studies  on  the 

fermentation  of  tobacco.  I.  Microflora  of  cured  and  fermenting  cigar- 
leaf  tobacco.  Penn.  Agr.  Expt.  Sta.  Bull.  356. 

(14)  Schloesing,  T.  H.  1888-89.  Sur  la  fermentation  en  masses  du  tabac 

pour  poudre.  Mem.  Manjr.  Etat,  Tahacs-Allumettes  1:514-552;  2:119- 
136,  192-210. 

(15)  Schmidt,  J.  J.  1925.  Zur  Biologie  der  Tabakfermentation.  Der  Tropen- 

flanzer  25:64-68. 

(16)  Smith,  N.  R.  and  F.  E.  Clark.  1937.  A  proposed  grouping  of  the  meso- 

philic,  aerobic,  spore-forming  bacilli.  Proceedings  of  the  Soil  Science 
Society  of  America,  1937.  In  press. 

(17)  Suchsland,  E.  1891.  Uber  Tabaksfermentation.  Ber.  Deut.  Bot  Gesell 

9:79-81. 

(18)  Vernhout,  J.  H.  1899.  Rapport  Over  Het  Bacteriologisch  Van  Gefer- 

mentierde  Tabak.  Ber.  Lands.  Plantentuin  34. 

Acknowledgments 

The  authors  gratefully  acknowledge  the  cooperation  and  as- 
sistance of  Bloch  Brothers  Tobacco  Company  of  Wheeling,  West 
Virginia,  and  Bayuk  Cigars,  Inc.  of  Philadelphia,  Pennsylvania. 


BULLETIN  364 


JUNE  1938 


18G 


The 

Vitamin  D  Requirement 
of  Dairy  Calves 


Calf  415,  control.  This  animal  dis- 
plays gross  symptoms  of  rickets. 


THE  PENNSYLVANIA  STATE  COLLEGE 
c;rHOOL    ™  AGRICULTURE  AND  EXPERIMENT  STATION 
SCHOOL  OF^AGR^  COLLEGE,  PENNSYLVANIA 


CONTENTS 


Page 


Introduction 1 

Review  of  Previous  Research 1 

Experimental  Procedure  in  1935-36 2 

Concentrate   mixture , — Preparation  of  rachitogenic  calf 
diet. — Methods  of  sampHng. — Bone-ash  determinations. 

Discussion  of  Experimental  Results,  1935-36 6 

Experimental  Procedure  in  1936-37 12 

Basal  ration.  —  X-ray  technique. — Bone-ash  determina- 
tion.— Line  test. 

Discussion  of  Experimental  Results,  1936-37 19 

Calcium  and  phosphorus  intake. — Vitamin  D  data. — In- 
organic calcium  and  phosphorus  of  the  blood. — X-ray 
observations. — Line  test. — Bone  ash. 

Summary 25 

References    26 


Acknowledgments 

R.  E.  Ward,  graduate  scholar  in  Dairy  Husbandry,  performed 
the  blood  carotene  determinations. 

Dr.  W.  L.  Kennedy  assisted  in  establishing  the  technique  for  the 
blood  determinations. 

Professor  P.  S.  Williams  gave  much  assistance  with  different 
phases  of  the  experiment. 

R.  F.  Light  of  the  Fleischmann  Laboratories,  New  York,  N.  Y., 
assisted  in  developing  a  satisfactory  x-ray  technique. 

Standard  Brands  Incorporated,  New  York,  N.  Y.,  and  National 
Oil  Products  Company,  Harrison,  N.  J.,  made  grants  to  the  Penn- 
sylvania Agricultural  Experiment  Station  for  research  on  calf 
rickets.  These  firms  also  supplied  the  yeast  and  cod-liver  oil  con- 
centrate used  in  the  experiment. 

The  carotene  used  was  contributed  by  Purina  Mills,  St.  Louis, 
Mo. 


PENNSYLVANIA  AGRICULTURAL  EXPERIMENT  STATION 


Bulletin  364* 


State  College,  Pa. 


June  1938 


The  Vitamin  D  Requirement 
of  Dairy  Calves^ 

S.  I.  Bechdel,  Professor  of  Dairy  Husbandry;  N.  W.  Hilston,  Graduate 

Fellow  in  Dairy  Husbandry;  N.  B.  Guerrant,  Professor  of  Biological 

Chemistry;  and  R.  A.  Dutcher,  Professor  of  Agricultural 

and  Biological  Chemistry 

J.  HERE  is  rather  general  agreement  among  dairy  investigators 
and  herdsmen  that  the  average  calf  ration  fed  on  dairy  farms  in 
the  northern  states  should  be  fortified  with  vitamin  D  supplement. 
This  is  due  chiefly  to  the  fact  that  hays  of  poor  quality  are  fed  and 
weather  conditions  during  the  winter  months  are  such  that  it  is 
necessary  to  confine  calves  indoors  almost  continuously.  Scientific 
literature  gives  little  definite  information  on  the  number  of  units 
of  vitamin  D  required  per  day  for  best  growth  and  well  being  of 
dairy  calves.  Definite  information  on  this  phase  of  calf  nutrition 
would  aid  materially  in  formulating  calf  starters  and  also  in  furn- 
ishing inteUigent  advice  on  the  feeding  of  vitamin  D  supplements. 
The  investigation  presented  here  was  planned  with  three  main 
objects  in  view:  first,  to  determine  the  number  of  U.S.P.  units  of 
vitamin  D  required  per  day  per  100  pounds  live  weight  for  growth 
and  well  being  of  calves  from  birth  to  7  months  of  age;  second,  to 
compare  the  relative  anti-rachitic  eft'ect  of  irradiated  dry  yeast  and 
cod-liver  oil  concentrate  on  a  U.S.P.  unit  basis  with  calves  as  lab- 
oratory animals;  and  third,  to  investigate  the  value  of  the  x-ray  m 
studying  calcification  of  the  bones  of  living  calves. 

REVIEW  OF  PREVIOUS  RESEARCH 

Between  the  years  1931  and  1933,  the  Pennsylvania  Agricultural 
Experiment  Station  and  other  stations  (2, 12, 20)  published  experi- 
mental data  which  proved  that  calves  are  susceptible  to  rickets,  and 
that  optimum  skeletal  growth  and  well  being  could  not  be  expected 
with  an  inadequate  supply  of  vitamin  D  m  the  diet. 

Morrison  and  Rupel  (19)  reported  that  calves  fed  a  egume  hay 
of  good  quality  received  no  benefit  from  exposure  to  sunlight 
Rpchtel  et  al  (4)  have  shown  that  corn  cut  for  silage  at  the  usual 
stage  of  maturity  possesses  definite  anti-rachitic  properties  when 

[1] 
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fed  to  dairy  calves.  Duncan  and  Huffman  (6)  have  presented  ex- 
perimental evidence  that  dairy  calves  have  the  ability  to  make  use 
of  solar  ultraviolet  radiation  to  increase  the  concentration  of  cal- 
cium and  phosphorus  of  the  blood  serum. 

Hess  et  al.  (10)  reported  that  60,000  rat  units  of  vitamin  D  in  the 
form  of  irradiated  yeast  imparted  practically  the  same  anti-rachi- 
tic  value  to  milk  as  did  200,000  rat  units  in  the  form  of  viosterol 
when  fed  to  dairy  cows.  By  feeding  high  producing  cows  a  normal 
ration  plus  200  grams  of  irradiated  yeast,  Hart  et  al.  (7)  found  that 
the  calcium  and  phosphorus  of  the  blood  serum  remained  un- 
changed. 

The  work  of  Hart,  Steenbock  and  Teut  (8)  indicates  that  the  vita- 
min of  cod-liver  oil  is  poorly,  if  at  all,  absorbed  from  the  intestinal 
tract  of  cows.  Insko  and  Rupel  (15)  fed  a  ration  of  yellow  corn, 
ground  oats,  bran,  Hnseed-oil  meal  and  skimmilk  to  dairy  calves. 
Part  of  the  calves  also  received  cod-liver  oil.  These  workers  con- 
clude that  cod-liver  oil  has  no  value  in  a  good  standard  ration  for 
dairy  calves.  Hill  (11)  presented  data  showing  that  dairy  cows  are 
able  to  utilize  the  anti-rachitic  factor  in  cod-liver  oil.  The  work  of 
Rupel,  Bohstedt  and  Hart  (20)  also  makes  it  evident  that  cod-liver 
oil  and  oxidized  cod-liver  oil  are  effective  in  preventing  rickets  in 
calves  when  adequate  dosages  are  provided. 

Wallis,  Palmer  and  Gullickson  (21)  state  that  the  average  daily 
retention  of  calcium  and  phosphorus  for  normal  calves  is  approxi- 
mately 6.50  grams  and  3.25  grams  respectively.  These  workers  re- 
port that  calcium  and  phosphorus  retention  of  vitamin  D-deficient 
calves  may  be  increased  14-fold  in  the  case  of  calcium,  and  11-fold 
in  the  case  of  phosphorus,  by  using  vitamin  D  therapy.  Increasing 
the  mineral  content  of  the  ration  fed  to  vitamin  D-deficient  calves 
has  no  favorable  effect  on  the  retention  of  minerals.  According  to 
Meigs  et  al.  (17)  the  assimilation  of  calcium  by  dairy  cows  is  likely 
to  be  greatly  affected  by  any  influence  which  causes  them  to  go 
even  slightly  off  feed. 

Bechdel,  Dutcher  and  Tucker  (1)  working  with  rachitic  calves, 
found  that  treatment  of  the  ration  with  ultraviolet  light  brought 
about  an  increase  of  5  per  cent  in  the  deposition  of  ash  in  the  ribs, 
femora  and  humeri.  In  1930,  Hill  (11)  reported  that  calves  fed  a 
rachitogenic  ration  and  then  exposed  to  ultraviolet  rays  showed 
improved  calcification  of  the  bones.  Huffman,  Duncan  and  Light- 
foot  (14)  and  Huffman  and  Duncan  (6,  13)  have  shown  that  the 
eighth  right  rib  of  rachitic  calves  has  a  lower  percentage  of  ash  and 
of  calcium  and  phosphorus  than  calves  on  a  normal  ration. 

EXPERIMENTAL  PROCEDURE  IN  1935-36 

Prophylactic  technique  was  used  for  determining  the  vitamin  D 
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requirement'  (U.S.P.  units')  for  growth  and  well  being  of  dairy 
calves  from  birth  to  7  months  of  age.  Irradiated  yeast,  oxidized 
cod-liver  oil  concentrate  and  unaltered  cod-liver  oil  concentrate 
were  used  as  vitamin  D  supplements. 

Eighteen  grade  Holstein  calves  were  used  as  experimental  sub- 
jects. The  calves  were  confined  in  a  stable  into  which  no  direct 
sunlight  was  admitted.  Each  calf  was  stabled  in  a  separate  box 
stall  4  by  8  feet.  Sawdust  and  wood  shavings  were  used  for  bedding. 

Whole  milk  was  fed  until  the  calves  were  28  days  of  age  when 
they  were  changed  to  reconstituted  liquid  skimmilk.  A  concentrate 
mixture  was  fed  twice  a  day  according  to  appetite.  When  the  calves 
were  able  to  eat  about  3  pounds  per  day,  reconstituted  liquid  skim- 
milk was  discontinued  and  replaced  with  dry  skimmilk  powder. 

Concentrate  mixture.— The  concentrate  mixture  which  formed 
the  basal  diet  was: 
51.00  per  cent  yellow  corn  4.25  per  cent  hnseed-oil  meal 

20.00  per  cent  ground  oats  4.25  per  cent  soybean-oil  meal 

20.00  per  cent  corn  gluten  meal      0.50  per  cent  sodium  chloride 

In  addition  to  the  skimmilk  and  concentrate  mixture,  night-har- 
vested dehydrated  alfalfa  hay  was  fed  with  a  maximum  daily  al- 
lowance of  1  pound  per  calf  per  day.  Hay  feeding  was  discontinued 
after  140  days  to  reduce  the  vitamin  D  potency  of  the  basal  ration 
which  proved  to  be  too  high  to  permit  the  development  of  rickets. 

All  the  animals  were  maintained  on  the  basal  diet  for  the  first  40 
days  of  the  experiment.  This  dietary  treatment  was  followed  so 
that  any  possible  vitamin  D  reserves  of  the  calves  would  be  re- 
duced as  nearly  as  possible,  to  the  same  level.  At  the  end  of  this 
period  the  subjects  were  divided  into  comparable  groups  as  to  age, 
weight,  sex  and  existing  serum  calcium  and  phosphorus,  table  4. 

The  amount  of  supplement  to  be  fed  was  calculated  for  a  28-day 
period  on  the  basis  of  live  weight  plus  half  the  gain  during  the  pre- 
ceding  28-day  period.  The  required  amounts  of  non-irradiated  dry 
yeast;  irradiated  dry  yeast,  and  cod-liver  oil  concentrate  for  each 
28-day  period  was  divided  into  approximately  eight  equal  portions 
and  these  were  put  into  one-half  ounce  gelatin  capsules.  This  plan 
made  it  possible  to  feed  the  supplement  twice  a  week^  A  balling 
W' was  used  to  insert  the  capsule  into  the  throat  of  the  calf.  This 
Technique  afforded  complete  assurance  that  no  supplement  would 

-li^^ethod  o,  dete™.,^ing  t.e  m^^^^^^^^  v.tamin  D  to  prevent  the  onset 

Of  rickets  is  designated  as     prophylactic  tec       m  .^.^itrary  standard  established 

^y^^  ^.!/.i}>"sirdfrrao"m^SeTfX*  L^etul  o"  ?[a^^ns^Con,n,.ttee  on  Pu.Uc 
Health. 
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Cod-liver  oil  concentrate  in  amounts  necessary  for  tv^o  calves 
was  oxidized  for  destruction  of  vitamin  A  by  aeration  with  a  suc- 
tion pump  for  a  period  of  24  hours,  at  a  temperature  of  60°  C.  After  a 
second  period  (48  hours)  of  aeration  with  the  bottle  of  oil  in  a  con- 
stant temperature  oven  held  at  100°  C,  oxidation  was  considered 
complete.  The  oxidized  oil  was  held  in  cold  storage  until  fed. 

Table  1. Calcium  and  phosphorus  content  of  basal  diet,  1935-36. 

Per  Cent  Ele-  Per  Cent  Ele- 

mental Calcium    mental  Phosphorus 

Grain  mixture  0.075  0.351 

Skimmilk  powder*  1.24  0.96 

Whole  milk*  0.12  0.09 

Alfalfa  hay  1-197  0^251 

♦From  Morrison  (18). 

Preparation  of  rachitogenic  calf  diet.— The  concentrate  mixture, 
skimmilk  powder  and  hay  were  secured  at  one  time.  All  feeds  were 
thoroughly  mixed  to  make  sure  of  getting  representative  samples 
for  bio-assays  and  chemical  analyses. 

The  corn  and  oats  were  secured  from  the  College  farm  and  stored 
in  dark  bins.  The  alfalfa  hay  (first  cutting)  was  cut  after  sundown 
and  dehydrated  in  an  artifical  dryer  to  prevent  exposure  to  sunlight 
after  mowing.  The  dehydrated  hay  was  stored  in  a  covered  loft. 

Table  2.— Vitamin  D  content  of  basal  diet  and  supplements  fed,  1935-36. 

Grain  mixture     181  U.S.P.  units  per  pound 

SkfmmX  powder     181  U.S.P.  units  per  pound 

Wh^l^milk*                        10  U.S.P.  units  per  quart 

Dehydrated  alfalfa  hay 150  US.P.  units  per  pound 

Non-irradiated  dry  yeast 0.8  U.S.P.  units  per  gram 

Irradiated  dry  yeast   2400  U.S.P.  units  per  gram 

Oxidized  cod-liver  oil  concentrate . .  60  U.S.P.  units  per  gram 

Unaltered  cod-liver  oil  concentrate.  300  U.S.P.  units  per  gram 

*This  figure  was  determined  by  averaging  the  vitamin  ^  .content  of  normal  cows' 
milk  during  the  winter  months,  from  the  work  of  Bechtel  and  Hoppert  {J). 

All  the  skimmilk  powder  was  from  one  source.  It  was  processed 
from  milk  produced  in  January,  1936.  Sufficient  non-irradiated  dry 
yeast  and  cod-liver  oil  concentrate  for  the  experiment  were  secured 
from  one  source  at  the  same  time. 

The  concentrate  mixture  was  mixed  in  lots  of  1000  pounds  on  a 
clean  floor  to  avoid  contamination  from  the  feed  mixer.  The  basal 
diet  and  all  supplements  were  analyzed  and  assayed,  tables  1  and 
2.  The  accepted  standard  (U.S.P.)  technique  was  used  in  deter- 
mining the  vitamin  D  potency  of  the  basal  diet  and  the  supple- 
ments. 
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Methods  of  sampling. — Daily  feed  consumption  was  carefully 
recorded.  The  calves  were  weighed  at  the  same  time  each  week. 
The  height  at  withers,  in  centimeters,  was  taken  every  28  days. 

During  the  last  two  months  of  the  1935-36  experiment,  periodic 
x-rays  of  the  left  tibia  and  radius  were  taken.  The  x-ray  results  of 
this  year  are  not  reported  since  the  work  was  largely  for  the  pur- 
pose of  developing  a  satisfactory  technique. 

Blood  samples  were  taken  from  the  jugular  vein  of  each  calf, 
weekly,  immediately  before  the  morning  feeding.  These  were  used 
for  inorganic  calcium  and  phosphorus  determinations  on  the  ser- 
um. The  samples  were  retained  in  a  refrigerator  until  the  serum 
calcium  and  inorganic  phosphorus  determinations  were  made  the 
following  morning. 

The  calcium  content  of  the  blood  serum  was  determined  by  the 
Clark-Collip  (5)  modification  of  the  Kramer-Tisdall  (16)  method. 
Inorganic  phosphorus  was  determined  by  the  method  of  Young- 
burg  and  Youngburg  (22). 

Bone-ash  determinations.— At  the  time  of  slaughter,  the  seventh, 
eighth,  ninth  and  tenth  left  ribs  were  removed  for  bone-ash  deter- 
mination. The  eighth  and  ninth  ribs  were  placed  in  95  per  cent 
alcohol.  The  seventh  and  tenth  were  frozen  and  retained  in  storage 
in  case  repeated  analyses  should  be  desired.  The  eighth  and  ninth 
ribs  were  cleaned  of  all  flesh  after  being  in  the  alcohol  10  days. 

The  length  of  each  rib  from  the  proximal  to  the  distal  end  over 
the  greater  curvature  was  measured  with  a  flexible  steel  tape.  The 
small  cartilagenous  cap  on  the  distal  end  was  included  in  this 
measurement.  Ten  per  cent  of  the  tatal  length  of  each  rib  at  the 
distal  end  was  cut  off  with  a  hack  saw.  A  second  10  per  cent  was 
then  cut  off  as  a  separate  sample.  These  two  samples,  the  first  and 
second  10  per  cent  of  the  total  length,  were  designated  as  samples 
1  and  2  respectively.  The  remaining  80  per  cent  of  each  rib  (proxi- 
mal end)  was  designated  as  sample  3. 

The  nexTstep  consisted  in  crushing  each  sample  with  pliers  and 
grinding  it  in  an  iron  mortar.  Each  ground  sample  was  wrapped 
fn  two  folds  of  No.  615  (25cm.)  filter  paper  and  tied  securely  wh 
cord  The  filter  papers  containing  the  samples  were  individually 
wrapped  with  cheesecloth  and  bound  with  copper  wire.  The  bone 
Tar^pfes  s^ecured  were  placed  in  a  large  cheesecloth  bag  to  f  acili- 
tat^  handUng  them  in  a  Lloyd  Drug  Extractor.  All  of  the  bone 

Z  XS  wafconsidered  complete  and  the  bones  were  dned 
over  night  in  a  constant  temperature  oven  at  60  L. 
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The  samples  were  placed  into  previously  heated  (530°  C)  and 
weighed  crucibles.  These  were  put  in  a  constant  temperature  oven 
and  held  for  12  hours  at  100°  C.  The  samples  were  then  cooled, 
weighed  and  placed  in  an  electric  muffle  furnace.  The  heat  was 
turned  on  gradually  so  that  about  2  hours  were  required  to  attain 
a  temperature  of  530°  C.  The  samples  were  held  at  this  temperature 
for  12  hours  to  insure  complete  ashing.  They  were  cooled  in  a  des- 
sicator  and  final  weighings  made,  table  6. 

Table  3.— Calcium  intake  by  periods  for  calf  368. 


Period 


Duration 
OF  Period 

Days 


Daily  Average  Elemental  Calcium 
Intake  per  100  Pounds  Live  Weight 

Grams 


1 

36 

2 

28 

3 

28 

4 

28 

5 

28 

6 

41 

7 

28 

8 

38 

9 

41* 

10 

40t 

11 

16 

Total 

352 

7.5 
7.5 
6.5 
5.1 
3.0 
0.7 
0.6 
0.9 
0.9 
8.5 
9.2 
Average  3.8 


♦Drenched  with  10  gm.  of  precipitated  chalk;  80  cc.  of  23  per  cent  calcium  gluconate 
iniectid  siTbcutaneously  The  calcium  of  the  calcium  gluconate  is  not  included  m  the 
abovrfigurerThe  p^^^  was  obtained  from  Jen-Sal  Laborator  es.  Kansas  City.  Mo. 

tChanled  to  nlw^  basal  di      which  contained  2  per  cent  calcium  carbonate. 

DISCUSSION  OF  EXPERIMENTAL  RESULTS,  1935-36 

A  summary  of  the  data  obtained  in  the  experiments  conducted  in 
1935-36  appears  in  tables  4,  5  and  6.  Extensive  data  on  inorganic 
calcium  and  phosphorus  of  the  blood  are  omitted  for  the  sake  of 
brevity.  These  tables  reveal  a  rather  inconsistent  picture.  A  de- 
tailed report  on  one  subject,  calf  368,  best  explains  the  disappoint- 
ing results  of  the  first  year  of  the  study.  This  animal  received  300 
U.  S.  P.  units  of  vitamin  D  from  oxidized  cod-liver  oil  concentrate. 
He  was  kept  on  experiment  until  357  days  old.  When  he  was  190 
days  of  age  the  oxidized  cod-liver  oil  concentrate  was  replaced 
with  untreated  cod-Hver  oil  concentrate  in  amounts  to  furnish 
1500  U.S.P.  units  of  vitamin  D  per  day.  This  higher  level  of  supple- 
ment feeding  was  continued  to  the  end  of  the  experiment.  When 
the  calf  was  113  to  190  days  of  age  the  inorganic  blood  calcium  was 
below  the  normal  level.  The  inorganic  phosphorus  was  below  nor- 
mal almost  continuously  throughout  the  experiment. 

The  alfalfa  hay  and  skimmilk  powder  were  left  out  of  the  basal 
diet  after  about  140  days  of  the  experiment.  This  was  done  to  re- 
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duce  the  vitamin  D  potency  of  the  total  ration.  Unfortunately,  the 
removal  of  these  constituents  reduced  the  elemental  calcium  intake 
so  low  that  this  individual  and  others  on  the  experiment  were  not 
receiving  the  proper  amount  of  this  element  necessary  for  growth 


^^^^ifc;*^  ?*| 


Fia  1  —Comparison  of  a  normal  femur  from  calf  378  and  the  broken 
feSa'iromTaTseS.  The  two  on  the  ^jght  had  broken  telescoped  and 
healed.  These  bones  were  taken  from  animals  of  the  same  age. 

and  well  being.  During  the  first  148  days  of  the  experiment  the 
calcium  intake  for  this  calf  per  100  pounds  live  weight  varied  from 
3  0  to  7  5  grams  per  day.  This  amount  was  barely  sufTicient  to  take 
care  of  nutritional  requirements.  When  the  hay  and  skimmilk 
powder  were  left  out  of  the  diet,  the  daily  calcium  intake  dropped 
?oTn  average  of  0.6  grams  per  day  per  100  pounds  ^ve  -eight  tabl^^ 
3  Obviously,  this  amount  was  entirely  too  low.  This  is  typical  ot 
what  took  plkce  with  all  the  calves  on  the  experiment. 
About  35^  days  after  hay  and  skimmilk  powder  were  removed 

fe^TuS^nrrise^^r^^^^^ 

mained  normal.  At  this  time  he  was  receiving  300  U.S.P.  umts  of 
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vitamin  D  from  oxidized  cod-liver  oil  concentrate.  Ten  days  before 
this  difficulty  occurred  he  was  put  on  curative  treatment,  the  oxi- 
dized cod-liver  oil  being  replaced  with  1500  U.S.P.  units  m  un- 
treated cod-liver  oil  concentrate.  It  was  evident  that  there  was  no 
shortage  of  vitamin  D.  None  of  the  calves  developed  gross  symp- 
toms of  rickets. 


Fig.  2.— Calf  368,  showing  the  characteristic  standing  position  after  re- 
gaining the  use  of  its  legs.  Photograph  taken  at  387  days  of  age. 

Although  it  was  not  known  at  the  time,  the  inability  of  this  calf 
to  stand  up  was  caused  by  a  fracture  of  the  femur  bones  at  the  nar- 
rowest point  in  the  shaft  near  the  proximal  end.  The  shaft  actually 
telescoped  into  the  proximal  end,  fig.  1.  Possibly  the  very  high  level 
of  vitamin  D  ( 1500  U.S.P.  units  from  cod-liver  oil  concentrate)  may 
have  supplied  a  sparing  action  which  promoted  healing  despite  the 

low  calcium  intake.  ,,    .        ^ 

This  calf  finally  improved  to  the  point  where  it  was  able  to  get 
on  its  feet,  after  being  down  for  57  days.  The  photograph  taken  at 
this  time,  fig.  2,  indicates  that  the  femora  had  shortened  and  pulled 
the  rump  into  a  characteristic  position.  The  calf  probably  stood  in 
this  position  also  as  a  means  of  protection,  or  perhaps  the  position 
afforded  less  pain  or  discomfort. 

Little  or  no  improvement  followed,  so  about  42  days  after  he  was 

first  able  to  get  on  his  feet  the  calcium  in  the  diet  was  raised  from 

9  gram  per  100  pounds  per  day  to  8.5  grams,  table  3.  Improvement 
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then  was  very  rapid.  In  a  few  days  he  was  able  to  get  up  and 
down  with  very  little  difficulty,  and  he  soon  became  active  in  every 
way.  The  rump  began  to  straighten;  the  photograph,  fig.  3,  which 
was  taken  after  56  days  on  the  high  calcium  level,  indicates  a  nor- 
mal top  line.  The  animal  appeared  normal  in  every  respect  at  this 
time. 


Fig.  3.-Calf  368.  This  animal  was  able  to  stand  in  a  ^^jf^y  "°™«[P°^"j°" 
at  357  days  of  age,  after  the  femora  had  broken  and  healed.  Compare 

figure  2. 

When  this  calf  was  slaughtered  both  femora  were  found  to  have 

been  broken  and  to  have  healed  in  practically  the  same  manner 

The  longitudinal  sections,  fig.  1,  indicated  heavy  deposition  of  bone 

tissues  around  the  fracture.  No  doubt  the  greater  part  of  this  heal- 

ngSplace  during  the  last  56  days  on  the  high  calcum  diet^ 

TvThnnP  ash  data  save  a  very  inconsistent  picture,  table  6.  There 

was  no  evSefce  tafone  vitamin  level  was  appreciably  more  ef 

reS  than  any  other  in  P-^^^^^^^^^^^^^^^^^^ 

calves  on  which  bone-ash  data  were  fju  ^^^  ^^^^  ^^^_ 

TZ  on^l'^riment  several  months  longer,  as  in  the  case  of  calf 
tinned  on  experiment  seve  fractures  would  have  occurred. 

S"'3™'l^crw»';L«irrcoS  animal,  also  developed  a 
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Table  4. — Summary  of  data,  1935-36. 

Age  at 

Duration 

End  of 

Level  of  Suppleiveent 

OF  EXPERI- 

EXPERI- 

Calf 

Fed  per  Day  per  100 

iviental 

IVtENTAL 

Initial 

Final 

No. 

Sex 

Pounds  Live  Weight 

Period 

Period 

Weight 

Weight 

U.S.P.  units 

days 

days 

lbs. 

lbs. 

371 

Male 

Control 

157 

170 

73 

223 

381 

Male 

Control 

180 

190 

117 

372 

370 

Female 

Non-irradiated  years  in 
amounts  equivalent  to 
amount    of    irradiated 
yeast    furnishing    2500 

Male 

units     

162 
180 

175 
188 

66.5 
123 

244 

384 

Controls 

271 

378 

Female 

125  irradiated  yeast 

180 

181 

96 

321 

386 

Male 

125  irradiated  yeast 

180 

194 

111.5 

342 

382 

Male 

125  cod-liver  oil 

180 

193 

119 

331 

385 

Male 

250  irradiated  yeast 

180 

187 

107 

346 

387 

Male 

250  cod-liver   oil 

180 

182 

113 

351 

376 

Female 

500  irradiated   yeast 

180 

196 

160 

321 

375 

Female 

500  cod-liver  oil 

180 

196 

101.5 

320 

377 

Female 

1500  irradiated  yeast 

180 

188 

110 

324 

380 

Female 

1500  irradiated  yeast 

180 

183 

94 

316 

379 

Female 

1500  cod-liver  oil 

180 

184 

100 

360 

383 

Male 

2500  irradiated   yeast 

180 

185 

90 

344 

367 

Male 

2500  cod-liver  oil 

180 

181 

91 

345 

369 

Male 

50  oxidized  cod-liver  oil 

164 

177 

90 

265 

368 

Male 

300  oxidized  cod-liver  oil 

176 

176 

80 

281 

broken  femur  at  283  days  of  age  and  died  5  days  later.  She  had  been 
changed  to  curative  treatment  (2500  units  level  of  irradiated  yeast) 
at  189  days  of  age.  The  blood  calcium  had  been  consistently  below 
normal  after  she  was  67  days  of  age,  but  returned  to  normal  after 
23  days  of  the  yeast  feeding.  It  is  evident  that  the  low  calcium  in  the 
diet  was  responsible  for  the  fractured  femur.  This  case  parallels 
that  of  calf  368. 

Table  5. — Summary  of  data,  1935-36. 


ApPROXI]V[ATE  NUTvIBER 

of  Units  Fed  per 

Average 
Daily 
Eleivtental 

Average 

Daily 

Eleiviental 

Initial 

Final 

Day  per  100  Pounds 

Calciuivi 

Phosphorus 

Height 

Height 

Live  Weight  (In- 

Intake 

Intake 

Calf 

AT 

AT 

cludes  Diet  and 

PER  100  Pounds 

per  100  Pounds 

No. 

Withers  Withers 

Supplement) 

Live  Weight 

Live  Weight 

Cms. 

Cms. 

U.S.P.  Units 

Cms. 

Cms. 

371 

70 

91.5 

435 

4.1 

4.6 

381 

81.5 

102 

295 

3.0 

3.1 

370 

70 

92 

425 

3.9 

4.5 

384 

83 

96 

335 

3.7 

3.7 

378 

76 

95 

390 

3.2 

3.4 

386 

81.5 

103 

410 

3.2 

3.4 

382 

81.5 

101.5 

420 

3.2 

3.4 

385 

81 

101 

490 

3.2 

3.4 

387 

80 

99 

495 

3.1 

3.4 

376 

77 

m 

705 

3.4 

3.6 

375 

76 

98.5 

695 

3.5 

3.6 

377 

81 

102 

1365 

3.3 

3.5 

380 

79 

96 

1380 

3.4 

3.6 

379 

78.5 

98.5 

1325 

3.2 

3.3 

383 

78.5 

100 

2060 

3.3 

3.5 

367 

78 

101.5 

2060 

3.4 

3.4 

369 

77.5 

380 

3.5 

3.7 

368 

73.5 

97.5 

595 

3.8 

4.2 
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All  things  considered,  the  bone-ash  results  are  about  what  might 
be  expected.  There  was  virtually  no  shortage  of  vitamin  D  in  the 
control  diet.  The  different  levels  of  vitamin  D  supplied  in  irradi- 
ated dry  yeast  and  cod-liver  oil  concentrate  represented  different 
levels  of  excess  vitamin  D.  It  would  not  be  reasonable  to  expect 
normal  deposition  in  any  of  the  groups  when  the  amount  of  cal- 
cium was  so  far  below  what  is  generally  considered  to  be  the  op- 
timum for  growth  and  well  being. 

Table  6. — Bone-ash  data,  1935-36. 


Ash  Content  of  Eighth  Left 

Ash  Content  of 

Ninth  Left 

Rib,  Per  Cent 

Rib,  Per  Cent 

First 

Second 

Re- 

First 

Second 

Re- 

10% 

10% 

main- 

10% 

10% 

main- 

Calf       of  Distal 

of  Distal 

ing 

of  Distal 

of  Distal 

ing 

No.           End 

End 

80% 

Total 

End 

End 

80',^ 

Total 

371            24.75 
381            31.80 

42.19 

50.64 

45.30 

28.12 

47.68 

51.70 

47.76 

43.96 

49.39 

45.93 

34.29 

42.08 

51.62 

48.10 

Controls 

370* 

384            22.36 

36.95 

48.16 

42.43 

33.29 

39.58 

50.40 

46.90 

Controls 

378t 

386           27.07 

382            32.10 

47.94 
51.86 

52.26 
52.35 

48.83 
49.34 

32.84 
33.33 

51.08 
46.77 

52.94 
52.73 

50.02 
49.51 

125  unit  level 
385            31.95 
387           31.24 

43.00 
46.08 

48.17 
48.84 

45.61 
46.34 

28.64 
37.50 

44.31 
44.12 

51.03 
49.25 

46.57 
47.53 

250  unit  level 
376            28.44 

47.17 

53.30 

49.45 

36.44 

52.18 

52.69 

50.88 

375t 

500  unit  level 

3771: 

380            27.25 

40.98 

51.09 

46.96 

34.49 

48.26 

51.12 

49.14 

3791: 

1500  unit  level 
383            29.87 
367            28.60 

41.84 
46.86 

49.14 
52.19 

45.59 
48.63 

31.25 
33.96 

45.31 
49.53 

50.26 
51.48 

47.20 
48.99 

2500  unit  level 
369            32.62 

44.84 

47.84 

44.83 

35.67 

43.46 

49.74 

47.00 

368* 

Oxidized  cod- 

liver  oil 

*Put  on  curative  treatment,  not  slaughtered. 
tChanged  to  control,  not  slaughtered. 
:|:Sold,  not  slaughtered. 

The  usual  gross  syr^^^on^s^^  ^fo^^^^^^^ 

pear  in  the  ^^^f  °^^  «Vbonl'onhfcontr^^^^  animals  were  appreci- 
levels  of  vitamin  D.  The  bones  oiuie  j      ^     j  vitamin 

ably  softer  than  the  bones  ^nhos^^^^^^^^^^^  ^^  ^^^  ^.g^. 

D  supplement.  However  no"     ft  ^^^^^^^^^^^^     ^^^^  ^^  ^  ^^^^^,  .^if . 
est  levels,  showed  a  hardness  o^^bo^e^eq  ^^^  throughout  the 

The  blood  '=«l"'^^7,;f^X Control  calves  and  those  on  the  lower 
experiment  ^^P^^^^g^^^^^^^^^^  from  below  to  above 

'::S:^\t'^nclS.:^^^^^^  extent,  phosphorus  was  com- 
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mon  throughout  the  experiment  in  all  of  the  groups.  In  general, 
the  blood  value  did  not  present  a  consistent  picture. 

It  is  evident  that  authentic  data  on  the  vitamin  D  requirement 
for  growth  and  well  being  could  not  be  expected  under  the  con- 
ditions that  existed  in  the  experimental  set-up  for  1935-36.  An  error 
was  made  in  planning  the  diet;  the  calcium  content  was  too  low. 
This  was  further  complicated  by  the  fact  that  the  feeds  selected 
for  the  basal  diet  proved  to  be  higher  in  vitamin  D  than  was  antici- 
pated. 

The  data  secured  in  the  first  year  of  this  study  are,  therefore,  of 
little  value  in  solving  the  problem  of  vitamin  D  unit  requirements. 
This  work  had  real  value,  however,  in  perfecting  technique  and  in 
paving  the  way  for  the  more  completely  controlled  experiment  of 
1936-37.  Furthermore,  the  data,  although  inconsistent  in  many  re- 
spects, did  indicate  quite  clearly  that  the  unit  requirement  was 
considerably  less  than  had  been  anticipated,  and  that  it  would  not 
be  necessary  to  include  levels  higher  than  500  units  per  100  pounds 
of  live  weight  per  day  in  planning  the  succeeding  experiment. 

In  the  late  months  of  the  experiment,  x-ray  technique  in  the 
study  of  rickets  over  a  prolonged  period  was  studied.  A  satisfactory 
technique  was  worked  out  and  was  adopted  in  the  second  year  of 
the  study. 

EXPERIMENTAL  PROCEDURE  IN  1936-37 

The  procedure  in  the  second  year  was  much  the  same  as  that  of 
the  first  year.  Certain  changes  were  made  in  the  light  of  results  al- 
ready obtained.  Prophylactic  technique  was  used  to  determine  the 
U.S.P.  unit  requirement  of  vitamin  D  for  growth  and  well  being  of 
dairy  calves  from  birth  to  7  months  of  age.  Irradiated  dry  yeast  and 
cod-liver  oil  concentrate  were  used  again  as  the  sources  of  vitamin 
D  supplement. 

Fifteen  grade  Holstein  calves  were  used  as  experimental  sub- 
jects. All  of  them  were  less  than  2  weeks  of  age  when  placed  on  ex- 
periment. They  were  confined  in  the  stalls  that  were  used  during 
the  previous  year.  The  stable  was  made  completely  dark  by  cover- 
ing the  windows  with  plyboard.  Electric  light  was  used  for  short 
periods  whenever  it  was  necessary  to  feed  or  work  with  the  calves 
in  any  way.  The  average  length  of  time  the  lights  were  burned  was 
about  1  hour  per  day.  Other  stable  improvements  included  a  forced- 
air  ventilation  system,  a  hot-water  heating  plant  and  a  concrete 
floor.  A  sewer  drain  was  laid  in  each  stall  to  provide  clean,  dry  beds 
for  the  calves  at  all  times.  These  improvements  made  it  possible  to 
keep  the  temperature  of  the  stable  at  50°  F  and  at  the  same  time 
have  plenty  of  fresh  air. 

The  method  of  feeding  was  almost  exactly  the  same  as  that  em- 
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hay  was  fed.  The  hay  was  replaced  with  domestic  dried  sugar  beet 
pei^caTf        ^^"        ^"'"^  '  maximum  daily  allowance  of  2  pounds 


Fig.  4. — Technique  employed  in  securing  periodic  x-rays  of  distal  end  of 
left  ulna.  The  calf  is  held  securely  in  a  crate  to  avoid  motion.  All  x-rays 
were  taken  at  a  uniform  distance  of  30  inches  between  the  tube  and  cassette. 

Basal  ration. — The  concentrate  mixture  was: 

50.0  per  cent  yellow  corn  7.5  per  cent  soybean  oil  meal 

20.0  per  cent  ground  oats  2.0  per  cent  calcium  carbonate 

20.0  per  cent  corn  gluten  meal        0.5  per  cent  sodium  chloride 

This  basal  ration  mixture  differed  from  that  used  the  previous 

year  mainly  in  its  calcium  content.  All  the  calves  were  maintained 

on  the  basal  diet  for  the  first  42  days.  This  was  followed  in  order 

that  all  of  the  animals  might  be  depleted,  as  nearly  as  possible,  to 

the  same  plane  of  nutrition  when  vitamin  D  supplements  were 

added  to  the  basal  diet  at  various  levels.  At  the  end  of  this  period 

the  subjects  were  divided  into  comparable  groups  as  to  age,  weight, 

sex,  inorganic  calcium  and  phosphorus  in  the  blood  and  x-ray  data, 

table  9. 

The  supplements  were  calculated,  weighed,  stored  and  fed  m  the 
same  manner  as  in  1935-36.  The  concentrate  mixture,  skimmilk 
powder  and  beet  pulp  were  all  secured  at  one  time.  All  feeds  were 
thoroughly  mixed  in  order  to  be  assured  of  representative  samples 
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for  bio-assays  and  analyses.  The  corn  was  purchased  in  September 
1936,  but  was  from  the  crop  of  the  previous  year.  Old  corn  has  a 
lower  vitamin  D  content  than  new  crop  corn.  It  was  assayed  for 
vitamin  D  potency  to  make  certain  that  the  concentrate  mixture 
was  sufficiently  low  to  permit  gross  development  of  rickets  in  the 
control  animals. 

Table  7. — Elemenlal  calcium,  magnesium,  and  phosphorus  content  of 
basal  diet,  1936-37.  

Per  Cent  Per  Cent  Per  Cent 

Calcium  Magnesium     Phosphorus 

Grain  mixture  0.871  0.171  0.29 

Skimmilk  powder  1.265  0.189  0.931 

Whole  milk*  0.12  0.09 

Alfalfa  hay  1.184  0.373  0.267 

Beet  pulp  0.68  0.444 0.01 

♦From  Morrison  (18). 

The  plan  called  for  the  use  of  night-harvested  dehydrated  alfalfa 
hay  as  a  source  of  vitamin  A.  Unfortunately  it  could  not  be  fed  in 
appreciable  amounts  in  the  basal  diet  since  its  vitamin  D  potency 
was  much  higher  than  anticipated,  table  8.  The  maximum  amount 
fed  to  a  single  calf  did  not  exceed  1.6  pounds  over  the  entire  experi- 
mental period.  Domestic  dried  sugar  beet  pulp  was  used  instead  of 
the  alfalfa  hay  as  the  sole  source  of  roughage  in  the  later  months  of 
experiment.  The  bio-assay,  table  8,  reveals  that  the  vitamin  D  po- 

Table  8. — Vitamin  D  content  of  basal  diet  and  supplements  fed,  1936-37. 

Grain  mixture 60  U.S.P.  units  per  pound 

Skimmilk  powder 200  U.S.P.  units  per  pound 

Dehydrated  alfalfa  hay 300  U.S.P.  units  per  pound 

(harvested  at  night)  _        .                      , 

Beet   pulp                       40  U.S.P.  units  per  pound 

Whole  milk* 10  U.S.P.  units  per  quart 

Irradiated  dry  yeast 2,400  U.S.P.  units  per  gram 

Cod-liver  oil  concentrate 300  U.S.P.  units  per  gram 

♦This  figure  was  determined  by  averaging  the  vitamin  D  content  of  normal  cows' 
milk  during  the  winter  months,  from  the  work  of  Bechtel  and  Hopper l  (3). 

tency  of  the  beet  pulp  was  almost  negligible.  A  commercial  caro- 
tene preparation  was  fed  to  all  calves  to  make  certain  of  no  defici- 
ency of  vitamin  A.  The  carotene  was  measured  into  half -ounce  cap- 
sules and  fed  weekly  with  the  aidof  a  balling  gun.  The  amount  of 
vitamin  A  fed  was  approximately  7500  U.S.P.  units  per  calf  per  day. 
All  the  skimmilk  powder  was  secured  from  one  source.  It  was 
made  from  milk  produced  in  a  drought  area  of  New  York  during 
August,  1936.  The  irradiated  dry  yeast  and  cod-liver  oil  concentrate 
were  from  the  same  lots  as  used  in  the  previous  experiment.  Rep- 
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resentative  samples  of  these  supplements  were  again  subjected  to 
bio-assay,  table  8. 

The  concentrate  mixture  was  prepared  in  lots  of  1000  pounds.  It 
was  mixed  on  a  clean  floor,  in  order  to  avoid  contamination  that 
might  occur  in  the  use  of  a  feed  mixer.  The  basal  diet  and  all  supple- 
ments were  analyzed  and  were  bio-assayed  for  vitamin  D  content, 
as  in  the  previous  year,  tables  7  and  8. 


Fig.  5.— First  to  sixth  ribs  from  twin  calves  slaughtered  at  191  days  of 
age  Calf  408  (left)  received  500  U.S.P.  units  of  vitamin  D  from  irradiated 
yeast  Calf  409  (right)  was  a  control  animal.  Note  beading,  distal  end  of 
ribs,  on  calf  at  right,  as  indicated  by  arrows.  This  was  typical  of  the  con- 
trol'group  and  to  some  extent  of  calves  on  the  100  unit  level. 

The  feed  consumption,  serum  calcium  and  phosphorus,  weights 
and  heights  at  withers  were  obtained  and  recorded  after  the  pro- 
cedure used  in  the  previous  year. 

X-ray  technique.— X-ray  photographs  of  the  distal  end  of  the  left 
ulna  were  taken  at  intervals  of  2  weeks.  The  apparatus  used  was  a 
Model  F  General  Electric  portable  set.  The  5  by  7-inch  film  was  con- 
venient and  satisfactory. 

In  the  preliminary  work  done  late  in  the  previous  year,  it  was 
found  that  the  width  of  the  epiphyseal  cartilage  of  the  ulna  was 
correlated  with  the  results  of  inorganic  calcium  and  phosphorus  m 
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the  development  of  rickets,  fig.  6.  This  led  to  the  decision  to  take  x- 
ray  pictures  of  the  distal  end  of  the  ulna  every  2  weeks. 

The  calves  were  confined  and  securely  fastened  in  a  close-fitting 
crate  to  prevent  movement  at  the  time  the  picture  was  taken.  It  was 


INTERVAL  AFTER 
EXPERT  STARTED 

408 
500  USP  UNITS 
YEAST 


4  09 
NEGATIVE 
CONTROL 


4  I  I 
100  USP  UNITS 
OIL 

4  !0 
500  USP  UNITS 
YEAST 


S'^^DAY    47^*^DAY     1 03**^  DAY     173'^°  DAY     200^"DAY 


Fig.  6.— Showing  the  progressive  narrowing  of  the  epiphyseal  cartilage 
in  calves  408,  410  and  411,  as  compared  with  the  negative  control  409. 
Compare  figure  7. 

necessary  to  expose  the  film  in  such  a  manner  that  the  radius  would 
not  overshadow  the  ulna.  By  placing  the  x-ray  tube  at  about  a  75 
degree  angle  to  the  anterior  view  of  the  leg,  it  was  possible  to  photo- 
graph the  ulna  with  very  little  interference  from  the  radius,  fig.  4. 
In  the  preliminary  work  it  was  found  that  a  distance  of  30  inches 
between  the  tube  and  film  and  an  exposure  of  one-half  to  three- 
quarters  of  a  second  gave  the  best  results.  These  specifications  were 
followed  throughout  the  experimental  period. 

Bone-ash  determination.— The  procedure  for  the  determination 
of  bone  ash  was  practically  the  same  as  that  employed  during  the 
preceding  year,  with  a  few  modifications.  The  eighth  left  rib  only 
was  used  for  this  determination.  The  seventh  left  rib  was  used  for 
making  line  tests.  The  ninth  and  tenth  left  ribs  were  frozen  and 
placed  in  storage  in  case  it  would  be  necessary  to  repeat  either  of 
the  above  tests.  Instead  of  placing  the  seventh  and  eighth  ribs  into 
95  per  cent  alcohol,  a  50  per  cent  alcohol  solution  was  used  after  the 
standard  technique  for  ash  determinations  on  chicken  bones. 

The  cartilagenous  cap  on  the  distal  end  of  the  rib  was  removed. 
This  was  done  because  the  "cap"  on  different  calves  varied  greatly 
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in  size  and  also  seemed  to  contain  no  oestoid  tissue.  After  the 
cartilagenous  cap  was  removed,  the  ribs  were  measured,  sectioned, 
ground  and  prepared  for  extraction  as  in  the  previous  year. 

The  alcoholic  and  ether  extractions  were  performed  the  same 
as  in  the  previous  year,  except  that  12  hours  of  extraction  with 


CALF   DAYS  ON 
NO.       EXP'T         ,4Q 


414 


415 


429 


NEC. 
CONTROL 


NEC, 
CONTROL 


NEC. 
CONTROL 


226 


R  K 


Fig.  7.— Showing  progressive  narrowing  of  epiphyseal  cartilage  of  calf 
414  after  182nd  day,  as  compared  with  the  two  other  controls.  Calf  414  re- 
ceived 500  U.S.P.  units  of  vitamin  D  per  day  m  irradiated  yeast  per  100 
pounds  body  weight,  beginning  on  the  182nd  day. 

each  fat  solvent  were  used  instead  of  8.  The  period  was  lengthened 
to  be  sure  that  all  of  the  fatty  material  would  be  removed  before 
ashing.  It  was  thought  that  this  technique  would  afford  a  more 
clear-cut  distinction  between  various  levels  of  vitamm  D  feedmg 
than  otherwise  would  be  possible. 
The  method  of  drying,  weighing  and  ashing  were  the  same  as  m 

the  previous  year. 

Line  test.-Immediately  after  slaughter  the  seventh  left  rib  was 
cleaned  of  all  flesh,  but  the  cartilagenous  cap  was  "ot  removed 
The  ribs  were  then  placed  in  a  50  per  cent  solution  of  alcohol.  After 
being  in  the  alcohol  for  about  2  weeks,  the  ribs  were  removed  and 
a  2-"nch  longitudinal  section  of  the  distal  end  was  rnade  with  a  hack 

:aw.  The  cut  sections  were  washed  with  ^jst^l  f^-^^^^ttelSe 
cent  solution  of  silver  nitrate  was  used  for  the  line  test.  Alter  the 
bones  had  been  immersed  in  this  solution  and  the  degree  of  calci- 
«  f  .>n  ?aH  develooed  the  ribs  were  photographed.  The  line 
S  S^h^stSr^wks  W  satisfactory,  but  faulty  photograph- 
!c  techniq-  m^^^^^^^^^  necessary  to  repeat  the  work  with  the  ninth 
left  rib. 
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Table  9. — Summary  of 

data,  1936-37. 

Duration 

Age  AT 

OF 

End  of 

U.S. P.  Units  Fed  per 

Experi- 

Experi- 

Calf 

Day  per  100  Pounds 

mental 

IVIENTAL 

Initial 

Final 

No. 

Sex 

Live  Weight 

Period 

Period 

Weight 

Weight 

Days 

Days 

Lbs. 

Lbs. 

409* 

Female 

Control 

182 

190 

70.5 

176 

414 

Female 

Control 

216 

226 

111.5 

226 

415 

Female 

Control 

216 

226 

101.5 

282.5 

424 

Female 

Control 

205 

209 

98 

278 

429 

Female 

Control 

188 

191 

101 

229 

413 

Female 

100  irradiated  yeast 

216 

223 

95 

366 

419 

Female 

100  irradiated  yeast 

216 

228 

85 

251 

411 

Female 

100  cod-liver  oil 

216 

220 

85.5 

299 

417 

Female 

100  cod-liver  oil 

216 

226 

101.5 

300 

416 

Female 

300  irradiated  yeast 

216 

225 

101.5 

301 

423 

Female 

300  irradiated  yeast 

210 

213 

78 

286 

412 

Female 

300  cod-liver  oil 

216 

224 

111.5 

287.5 

421 

Female 

300  cod-liver  oil 

224 

224 

77.5 

265 

408* 

Male 

500  irradiated  yeast 

182 

190 

88 

268 

410 

Female 

500  irradiated  yeast 

216 

225 

128 

381.5 

♦Calves  408  and  409  were  twins. 

The  ninth  ribs  were  taken  from  cold  storage,  thawed  and  placed 
in  95  per  cent  alcohol.  After  being  in  alcohol  for  24  hours,  the  bones 
were  next  placed  in  petroleum  ether  for  24  hours.  When  the  ether 
treatment  was  completed,  another  treatment  of  24  hours  with  95 
per  cent  alcohol  was  used.  The  alcohol  and  ether  treatments  were 
used  to  remove  as  much  fat  from  the  bones  as  possible.  The  ribs 
were  next  sectioned,  treated  with  silver  nitrate  and  photographed, 
fig.  8. 

Table  10. — Summary  of  data,  1936-37. 


Approximate  Number 


OF  U.S.P.  Units  Fed 

Average  Daily 

Average  Daily 

Initial 

Final 

PER  Day  per  100    Elemental  Cal- 

Elemental  Phos- 

Height 

Height 

PouNDS  Live  Weight 

ciUM  Intake 

phorous  Intake 

Calf 

AT 

AT 

(krom  Diet  and 

PER  100  Pounds 

PER  100  Pounds 

No. 

Withers 

Withers 

Supplement) 

Live  Weight 

Live  Weight 

Cms. 

Cms. 

Grams 

Grams 

409 

69.5 

83.3 

180 

10.2 

3.7 

414 

77.8 

92 

205* 

7.4 

2.7 

415 

79.3 

96.7 

135 

8.0 

2.8 

424 

77.5 

99 

125 

7.4 

2.6 

429 

75.3 

89.5 

135 

8.5     . 

2.9 

413 

77 

101.8 

190 

7.0 

2.3 

419 

77.5 

93.8 

205 

7.9 

2.8 

411 

'      77.5 

97.3 

170 

7.8 

2.7 

417 

79 

101.8 

210 

7.7 

2.6 

416 

75.8 

99.5 

355 

7.3 

2.5 

423 

71 

95 

370 

7.6 

2.6 

412 

11 

96.4 

345 

6.6 

2.4 

421 

71.8 

91.5 

350 

7.3 

2.7 

408 

71.5 

92.5 

515 

7.5 

2.8 

410 

81.5 

103.7 

450 

6.1 

2.1 
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409-C       424-C 
119  DAYS   212  DAYS 


413-IOOY 
225  DAYS 


4I9H00Y 
229  DAYS 


4I6-300Y   423-300Y   408-500Y 
226  DAYS  215  DAYS        191  DAYS 


4I0-500Y 
227  DAYS 


•  * 


•Irradiated  yeast  (500  U.S.P.  units  daily)  added  to  diet  in  last  28  days  of  feeding. 


411-100,0.1  417-100. Oil    412-300.011  421-300,011 
i     221  DAYS      229  DAYS    227  DAYS     226  DAYS 

Fig.  8.-Line  test  showing  degree  of  calcification  of  distal  end  of  ninth 
rib.  Note  especially  the  poor  calcification  in  control  calves  409  and  424. 

DISCUSSION  OF  EXPERIMENTAL  RESULTS,  1936-37 

The  vitamin  D  potency  of  tlie  basal  diet  used  in  the  second  year 
of  the  experiment  was  sufficiently  low  to  permit  gross  deve  opment 
ff  rickets  in  the  control  group.  This  proved  to  be  true  of  aU  ^he 
calves  in  this  group  with  the  exception  of  calf  424.  Although 
this  animal  exhibited  mild  rickets,  she  never  developed  the  usual 
characSristk  outward  symptoms  in  the  212  days  she  was  kept  on 
Ser^e"  t  The  other  four  control  -imals  develop^ 
toms  of  rickets.  Calf  409  came  down  first  at  142  days  of  age.  bhe 
Lad  swollen  knee  and  hock  joints  and  the  back  was  arched.  She  had 
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considerable  difficulty  in  rising  to  her  feet  after  lying  down.  The 
joints  were  quite  stiff  and  she  walked  with  a  slow,  staggering  gait. 
This  calf,  and  the  other  three  controls,  stood  with  her  legs  bent  at 
the  knee  joints,  and  bowing  of  the  legs  inward  or  outward  was  quite 
common.  The  control  animals  retained  normal  appetites  and  ate 
well  except  when  in  a  very  serious  rachitic  condition.  When  they 
stopped  eating,  slight  improvement  usually  resulted  for  a  few  days. 
The  appetite  would  soon  return  and  when  the  normal  amount  of 
feed  was  again  consumed,  the  rachitic  condition  became  more  se- 
vere than  it  was  before.  There  was  no  evidence  of  avitaminosis  de- 
ficiency as  determined  by  blood  carotene  values. 

When  calf  424  was  195  days  of  age  a  large  swelling  appeared  on 
her  throat.  A  few  days  later  this  swelling  spread  along  the  angle 
of  the  jaw.  At  the  time  of  slaughter  the  lump  on  the  jaw  was  re- 
moved to  assay  it  for  vitamin  D.  This  special  assay  was  made  be- 
cause this  calf  did  not  develop  a  typical  case  of  rickets  as  did  the 
other  controls.  It  appeared  that  the  infected  jaw  might  be  a  source 
of  vitamin  D  synthesis  of  sufficient  quantity  to  prevent  the  onset  of 

gross  rickets. 

When  she  was  slaughtered  small  nodules  were  found  on  the  out- 
er part  of  the  paunch  and  the  intestinal  lymph  glands  were  swol- 
len, but  of  normal  color.  All  of  the  ribs  were  badly  beaded  and  the 
bones  were  very  soft.  These  observations,  together  with  the  inor- 
ganic calcium  and  phosphorus,  line  test  and  bone-ash  data,  reveal 
that  this  calf  was  quite  rachitic  after  all.  The  bio-assay  of  the  lump 
taken  from  the  jaw  revealed  no  vitamin  D  potency. 

Calcium  and  phosphorus  intake.— The  total  intake  of  elemental 
calcium  and  phosphorus  supplied  to  all  calves  on  experiment  is 
shown  in  table  10.  The  intake  of  calcium  and  phosphorus  per  100 
pounds  live  weight  is  influenced,  first  of  all,  by  the  amounts  of  these 
elements  in  the  diet.  These  are  shown  in  terms  of  percentage  in 
table  7.  It  was  possible  to  control  the  amounts  of  calcium  and 
phosphorus  supplied  insofar  as  it  was  possible  to  control  the  total 
amount  of  ration  consumed. 

The  calcium  intake,  almost  without  exception,  was  sufficient  to 
take  care  of  nutritional  requirements.  The  phosphorus  intake,  how- 
ever, may  be  questioned.  Henderson  and  Weakly  (9)  report  that  2.5 
to  3.9  grams  of  elemental  phosphorus  per  100  pounds  live  weight 
daily,  from  birth  to  26  months  of  age,  provided  normal  nutrition. 

Vitamin  D  data.— Table  10  reveals  the  vitamin  D  intake  for  the 
calves  on  various  levels.  Four  control  animals  received  125  to  135 
U.S.P.  units  of  vitamin  D  per  100  pounds  live  weight  per  day,  this 
being  the  average  from  birth  to  7  months  of  age.  Calf  409,  which 
was  slaughtered  at  191  days  of  age,  received  a  daily  average  of  180 
U.S.P.  units.  She  was  quite  small  but  ate  very  well.  This  would  ac- 
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count  for  her  vitamin  D  intake  per  100  pounds  being  greater  than 
that  of  the  other  control  animals. 

The  four  calves  on  the  100  U.S.P.  unit  level,  413,  419,  411  and  417, 
table  10,  had  a  daily  average  vitamin  D  intake  ranging  from  170 
to  210  U.S.P.  units  per  day  per  100  pounds  live  weight.  Of  this  group, 
calf  411  (on  100  U.S.P.  units  from  cod-liver  oil  concentrate)  had  an 
average  intake  of  170  units.  During  the  late  months  of  the  experi- 
ment this  animal  displayed  symptoms  of  rickets  as  judged  by  all 
criteria  used.  The  remaining  three  animals  were  slightly  rachitic 
according  to  the  blood  data.  However,  no  gross  symptoms  of  rick- 
ets were  evident. 

On  the  300  U.S.P.  unit  level,  calves  416,  423,  412  and  421,  no  evi- 
dence of  rickets  appeared.  The  results  of  all  other  criteria  used  on 
this  group  agreed  very  well.  The  daily  average  vitamin  D  intake 
ranged  from  345  to  370  U.S.P.  units  per  100  pounds  live  weight, 
from  birth  to  7  months  of  age. 

Calves  408  and  410  on  500  U.S.P.  units  of  vitamin  D  from  irradi- 
ated dry  yeast  had  a  daily  intake  of  450  to  515  units.  Calf  410,  which 
had  an  average  daily  intake  of  450  U.S.P.  units,  was  quite  large  at 
birth.  The  reason  for  the  lower  average  daily  intake  of  vitamin  D 
is  explainable  on  the  basis  of  the  first  feeding  period.  During  this 
period  (42  days)  no  vitamin  D  supplement  was  added  to  the  diet; 
consequently  when  the  average  daily  intake  was  computed  (from 
birth  to  225  days  of  age)  it  was  lower  than  had  been  expected.  The 
two  calves  on  the  500  U.S.P.  units  level  appeared  normal  and 
healthy  throughout  the  experiment. 

Inorganic  calcium  and  phosphorus  of  the  blood.— Normal  serum 
calcium  was  observed  in  all  animals  except  the  control  group  and 
two  calves  receiving  100  U.S.P.  units  of  vitamin  D  (calf  419,  on 
irradiated  dry  yeast,  and  calf  411,  on  cod-liver  oil  concentrate). 
Although  it  was  expected  that  the  control  animals  would  have  low 
serum  calcium,  it  did  not  fall  as  low  as  in  the  previous  year.  The 
ration  used  during  the  first  year  had  a  calcium  content  lower  than 
the  phosphorus  content,  while  in  the  second  year  the  reverse  was 
true  In  regard  to  the  two  calves  on  the  100  U.S.P.  unit  level  of 
vUamin  D,  it  is  reasonable  to  suspect  that  the  low  calcium  vaues 
were  probably  due  to  an  insufficient  supply  of  vitamin  D.  The  other 
Two  caWes  in  this  100  unit  group  were  normal  in  serum  calcium 

nr/Si*tcX%-'vE%„  the  other  hand,  presents. 

a  much  different  picture.  The  control  animals  decreased  in  inor- 
LC  nhosDhorus  from  week  to  week,  until  a  more  or  less  perma- 
5n  tlev^^^^^^^^^  These  calves  tended  to  remain  at  a  figure 

between  3."o  and  4.25  mgm.  per  100  c.c.  of  blood  serum,  from  120 
days  of  age  until  the  end  of  the  experiment. 
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The  calves  on  the  100  U.S.P.  unit  level  showed  inorganic  phos- 
phorus values  more  or  less  consistently  below  normal.  There  is 
evidence  of  insufficient  vitamin  D,  but  it  should  be  pointed  out  that 
the  calves  on  the  300  and  500  unit  levels  also  tended  to  show  values 
below  normal  at  times.  These  inconsistent  values  may  be  explain- 
able on  the  basis  of  insufficient  phosphorus  in  the  diet.  Had  the 
phosphorus  in  the  diet  been  higher  it  appears  possible  that  rickets 
in  the  control  animals  would  have  been  less  severe,  or  would  have 
come  on  at  a  later  date.  It  would  appear  possible,  also,  that  a  higher 
supply  of  phosphorus  in  the  ration  might  have  changed  the  whole 
picture  on  the  100  unit  level  group.  This  group  gave  consistent  evi- 
dence of  insufficient  vitamin  D  when  judged  by  all  criteria  used  in 
the  experiment. 

The  two  calves  on  500  U.S.P.  unit  level  (irradiated  dry  yeast) 
did  not  show  inorganic  phosphorus  values  appreciably  better  than 
those  on  the  300  unit  level.  This  might  be  interpreted  to  mean  that 
the  calves  on  the  300  unit  level  received  an  ample  amount  of  vita- 
min D  to  satisfy  the  unit  requirement,  and  larger  amounts  could 
not  change  the  blood  picture.  It  may  be  possible  that  a  low  daily 
phosphorus  supply  was  the  limiting  factor,  and  normal  inorganic 
phosphorus  was  impossible  on  any  level  of  vitamin  D  supply. 

X-ray  observations. — From  figures  6  and  7,  definite  conclusions 
can  be  drawn  concerning  x-ray  results  in  the  different  groups  of 
calves.  The  animals  of  the  negative  control  group,  whose  only 
source  of  vitamin  D  was  the  basal  diet,  received  125  to  180  U.S.P. 
units  of  vitamin  D  per  calf  per  100  pounds  live  weight  per  day,  table 
10.  Four  of  the  five  animals  in  this  group  developed  pronounced 
rickets.  The  fifth  animal,  424,  for  some  unknown  reason  failed  to 
display  clear-cut  x-ray  evidence  of  rickets.  While  the  ephiphyseal 
cartilage  of  this  calf  narrowed,  the  cartilage  of  the  four  other  con- 
trols remained  wide,  figs.  6  and  7,  throughout  the  experimental  per- 
iod. The  x-ray  results  indicated  that  calcification  took  place  in  calf 
424  in  a  degree  about  equivalent  to  that  of  the  calves  on  the  100 
unit  level. 

The  x-ray  evidence  on  the  group  receiving  100  units  of  vitamin 
D  in  addition  to  the  basal  ration,  calves  413,  419,  411  and  417,  indi- 
cated an  insufficient  amount  of  vitamin  D  for  full  protection 
against  rickets.  However,  the  epiphyseal  cartilage  in  this  group  did 
narrow  more  rapidly  than  those  of  the  control  animals.  Calf  411  (on 
100  U.S.P.  units  of  vitamin  D  from  cod-liver  oil  concentrate)  did  not 
show  as  narrow  a  cartilage  as  the  other  animals  in  this  group  on  the 
same  level.  The  wide  epiphyseal  cartilage,  in  the  case  of  411,  check- 
ed very  well  with  the  serum  calcium,  inorganic  phosphorus  and 
line  test  results. 

The  group  on  the  300  unit  level  of  vitamin  D,  calves  416,  423,  412 


> 


and  421,  produced  no  x-ray  evidence  of  unsatisfactory  calcification. 
This  also  holds  true  for  calves  408  and  410  (500  units  from  irradiat- 
ed yeast) .  The  gradual  narrowing  down  (calcification)  of  the  epi- 
physeal cartilage  in  these  calves  is  clearly  evident  in  the  x-ray  pic- 
tures, fig.  6.  The  series  of  pictures  taken  on  the  four  calves  in  the 
300  unit  group,  although  not  shown  in  this  report,  were  not  appreci- 
ably different  from  those  of  calves  408  and  410  on  the  500  unit  level. 
The  curative  effect  of  vitamin  D  from  irradiated  dry  yeast  is 
shown  in  figure  7.   Calf  414  developed  a  severe  case  of  rickets. 
At  182  days  of  age  she  was  placed  on  a  curative  treatment  of  500 
U.S.P.  units  from  irradiated  yeast  per  day  per  100  pounds  live 
weight.   The  epiphyseal  cartilage  calcified  almost  completely  in 
44  days.    Little,  if  any,  change  was  observed  in  the  epiphyseal 
cartilage  of  the  control  animals,  415  and  429,  in  this  same  period. 
Later,  these  calves  also  were  put  on  curative  treatment,  415  on 
1,500  U.S.P.  units  and  429  on  3,000  U.S.P.  units  of  vitamin  D  from 
irradiated  dry  yeast.  The  calcification  of  the  epiphyseal  cartilage 
was  found  to  be  almost  complete  in  these  calves  after  28  days  of  the 
curative  treatment  and  all  the  gross  symptoms  of  rickets  had  dis- 
appeared. 

Line  lest.— Results  of  the  line  test,  fig.  8,  show  that  the  control 
animals  (calves  409  and  424)  had  the  poorest  calcification.  Calf  408, 
which  received  500  units  of  vitamin  D  from  irradiated  dry  yeast, 
and  calf  409,  a  control,  were  twins.  These  two  animals  were  slaugh- 
tered at  191  days  of  age.  By  comparing  these  two  calves,  fig.  8,  it 
can  be  seen  that  the  calcification  of  408  was  far  superior  to  that  of 
409.  However,  408  does  not  show  as  dense  calcification  as  does  410 
which  also  received  500  units  of  vitamin  D  from  irradiated  dry 
yeast.  It  is  reasonable  to  suspect  that  the  calcification  of  410  was 
superior  to  that  of  408,  because  the  former  was  36  days  older  at 
the  time  of  slaughter. 

A  comparison  of  calves  413  and  419  (on  100  units  of  vitamin  D 
from  irradiated  yeast)  and  calves  411  and  417  (on  100  units  of  vita- 
min D  from  cod-liver  oil)  with  the  controls,  reveals  evidence  of  bet- 
ter calcification  because  of  the  irradiated  dry  yeast  or  cod-liver  oil 
concentrate  in  the  diet.  However,  the  degree  of  calcification  of  the 
four  calves  receiving  100  units  of  vitamin  D  was  not  equaH^/^a^^ 
the  groups  on  the  300  or  500  U.S.P.  unit  level.  Calf  411  (on  100 
units  from  cod-liver  oil)  has  the  poorest  calcification  of  the  four 
in  the  100  U.S.P.  unit  group. 

The  four  calves  in  the  300  U.S.P.  unit  group  (calves  416  and  423, 
on  irradiated  yeast,  and  412  and  421,  on  cod-liver  oil)  display  calci- 
fication that  is  definitely  superior  to  those  on  the  100  unit  levels^ 
The  iSe  test  on  the  calves  in  the  300  unit  group  indicates  a  shghtly 
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better  calcification  when  vitamin  D  was  supplied  by  cod-liver  oil 
concentrate  as  compared  with  irradiated  dry  yeast. 

Calf  424,  a  control,  displayed  inferior  calcification  in  the  line 
test.  This  result  is  somewhat  in  conflict  with  the  x-ray  results  and 
the  lack  of  gross  symptoms  of  rickets.  With  this  one  exception,  the 
line  test  results  agree  very  well  with  other  criteria  used  in  this  ex- 
periment. 

Table  11. — Ash  content  of  eighth  left  rib. 


Calf 

First  10% 

Second  10% 

Remaining 

No. 

OF  Distal  End 

OF  Distal  End 

80% 

Total 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

409 

33.90 

46.14 

50.79 

47.50 

414* 

' 

415* 

424 

39.99 

47.93 

53.53 

50.73 

429* 

Control 

group 

413 

47.23 

47.27 

53.85 

52.21 

419 

42.80 

48.57 

52.15 

50.56 

411 

32.08 

49.00 

51.83 

48.04 

417 

42.12 

46.79 

55.20 

52.50 

100  units  of  vitamin  D  supplement 

416 

45.90 

51.16 

57.14 

55.18 

423 

44.70 

49.93 

53.56 

51.98 

412 

49.92 

54.97 

56.50 

55.67 

421 

45.87 

49.50 

55.85 

54.09 

300  units  of  vitamin  D  supplement 

408 

39.33 

45.56 

52.84 

50.66 

410 

47.04 

47.25 

53.95 

52.29 

500  units  of  vitamin  D  supplement 

♦Not  slaughtered,  put  on  curative  treatment. 

Bone  ash. — The  bone-ash  data,  table  11,  were  more  significant 
than  those  obtained  the  previous  year.  A  comparison  (total  ash)  of 
twin  calves,  408  and  409,  which  were  slaughtered  at  191  days  of 
age,  reveals  that  the  control  animal  409  had  a  lower  total  ash  than 
408  which  received  500  U.S.P.  units  of  vitamin  D  from  irradiated 
dry  yeast.  However,  the  total  ash  of  424  is  greater  than  that  of  408, 
but  this  was  probably  due  to  the  fact  that  424  was  21  days  older 
than  408  at  the  time  of  slaughter.  It  is  reasonable  to  suspect  that, 
had  408  been  continued  for  a  longer  time,  the  percentage  of  bone 
ash  would  have  been  greater. 

Calves  413  and  419  (on  100  U.S.P.  units  from  irradiated  yeast) 
and  411  and  417  (on  100  U.S.P.  units  from  cod-liver  oil)  had  a  lower 
total  bone-ash  percentage  than  the  calves  on  the  higher  levels  of 
supplement  feeding.  Two  of  these  calves,  419  and  411,  had  a  lower 
total  bone  ash  than  did  the  control,  424.  This  result  agrees  with  the 
line  test  in  which  411  showed  poor  bone  calcification.   Calves  413 
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and  417  were  considerably  higher  in  bone  ash  than  were  the  con- 
trol animals  of  the  same  age. 

The  four  animals  receiving  300  U.S.P.  units  of  vitamin  D  (calves 
416  and  423  from  irradiated  yeast,  and  421  and  412  from  cod-liver 
oil)  were  well  above  the  control  animals  and  those  on  the  100  unit 
level  in  total  bone-ash  percentage.  However,  calf  423  in  this  group 
had  a  total  bone  ash  comparable  to  that  of  the  animals  on  the  100 
U.S.P.  unit  level. 

Calf  410,  which  received  500  U.S.P.  units  of  vitamin  D  from  ir- 
radiated yeast,  had  a  rather  low  percentage  of  bone  ash.  This  calf 
grew  more  rapidly  than  any  of  the  others.  This  fast  growth  might 
account  for  the  low  bone-ash  percentage  (comparable  to  the  100 
U.S.P.  unit  level) .  Had  this  animal  grown  more  slowly  the  per- 
centage of  total  bone  ash  might  have  been  higher.  It  appears  pos- 
sible that  the  inadequate  phosphorus  in  the  diet  during  the  last  56 
days  of  feeding  may  have  been  the  cause  of  the  low  bone-ash  re- 
sult on  this  calf.  Furthermore,  it  is  possible  that  a  higher  supply  of 
phosphorus  to  all  of  the  calves  on  the  experiment  might  have  re- 
sulted in  a  more  clear-cut  bone-ash  picture. 

In  general,  the  bone-ash  data  are  not  out  of  harmony  with  other 
criteria.  They  do  support  the  contention  that  the  four  calves  on 
the  100  U.S.P.  unit  level,  as  well  as  the  controls,  did  not  receive 
sufficient  vitamin  D  to  support  skeletal  calcification.  Furthermore, 
the  data  indicate  that  there  was  an  ample  amount  of  vitamin  D  in 
the  diet  of  the  calves  on  the  300  U.S.P.  unit  level  to  support  bone 
calcification. 

SUMMARY 

One  hundred  thirty-five  U.S.P.  units  of  vitamin  D  per  day  per 
100  pounds  live  weight  from  birth  to  7  months  of  age  were  insuf- 
ficient to  prevent  rickets  in  calves.  The  minimum  level  of  vitamin 
D  for  growth,  well  being  and  proper  calcification  of  bones  of 
calves  from  birth  to  7  months  of  age,  as  found  under  the  conditions 
of  this  experiment,  is  approximately  300  U.S.P.  units  per  day  per 
100  pounds  live  weight.  . 

Rickets  in  calves  can  be  prevented  by  feeding  a  vitamin  D  sup- 
plement of  irradiated  dry  yeast  or  cod-liver  oil  concentrate  When 
these  are  administered  to  calves,  on  an  equal  unit  basis,  they  are 
equally  active  in  preventing  rickets.  This  can  be  interpreted  to 
nian  that  the  bovine  species  can  utilize  the  natural  and  artificial 
forms  of  vitamin  D  with  equal  efficiency. 

Roentgen  photographs  of  the  epiphyseal  cartilage  at  the  distal 
end  of  the  ulna  were  helpful  in  making  observations  on  the  calcifi- 
cation of  bones  of  living  calves. 
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A  Chemical  Study  of  Mixtures  of  Lime  Sulfur 
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Early  studies  of  the  lead  arsenate  and 
lime  sulfur  combination,  which  has  be- 
come the  most  common  arsenical-fungi- 
cidal  mixture,  indicated  that  the  two  com- 
ponents exhibited  tendencies  to  reduce 
the  effectiveness  of  each  other  and  pro- 
mote injury  to  the  plant  surfaces. 

Investigations  of  the  mixture  of  lead 
arsenate  and  lime  sulfur  both  with  and 
without  modifying  materials  have  been 
reported.  These  investigations  have  been 
for  the  most  part  attempts  to  produce 
spray  mixtures  without  undesirable  prop- 
erties, while  maintaining  the  maximum 
insecticidal  and  fungicidal  values.  Such 
studies  have  been  based  in  most  cases  on 
practical  field  experiments,  and  compara- 
tively little  is  known  of  the  chemical 
changes  involved  in  the  mixture.  Such 
chemical  studies  as  have  been  reported 
have  been  made  with  the  idea  of  reducing 
the  soluble  arsenic  present  in  the  mixture, 
since  the  consensus  is  that  this  is  the  prin- 
cipal causative  agent  in  spray  injury  to 
plants. 

This  investigation,  dealing  as  it  does 
only  with  the  chemical  changes  which  oc- 
cur in  the  spray  solution  before  applica- 
tion to  the  host  plant,  can  not  answer  all 
the  questions  concerning  the  suitability  of 
the  spray  mixtures  studied  for  practical 
use.  The  changes  that  take  place  in  the 
film  of  spray  after  it  has  been  applied  to 
the  plant  surface  are  of  major  importance, 
but  their  study  lies  outside  the  field  of  the 
present  paper.  The  usefulness  of  this  in- 
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vestigation  then  lies  in  the  contribution 
which  it  may  make  to  the  knowledge  of 
the  chemistry  of  the  reaction  between 
lead  arsenate  and  lime  sulfur  under  cer- 
tain specific  conditions.  It  is,  however, 
possible  to  point  out  certain  implications 
from  the  results  of  this  work  which  may 
be  of  considerable  practical  value. 

Previous  Studies. — The  problem  of 
spray  injury  by  lead  arsenate  and  lime 
sulfur  mixtures  has  been  recognized  for 
many  years  and  has  been  investigated  by 
many  workers,  including  Fernald  & 
Bourne  (1922),  Swingle,  Morris  &  Burke 
(1923),  Mogendorff  (1925),  Ginsburg 
(1929),  Young  (1930)  and  others.  The 
consensus  appears  to  be  that  the  injury 
is  caused  by  soluble  arsenic,  and  that  the 
amount  of  soluble  arsenic  is  increased  by 
the  addition  of  lime  sulfur.  Certain  cor- 
rectives have  been  suggested  to  reduce  the 
amount  of  the  injury,  and  include  a  va- 
riety of  substances.  Of  those  suggested, 
slaked  lime  and  dried  skim  milk  powder 
alone  and  in  combination  have  been  stud- 
ied in  this  work. 

The  active  fungicidal  agent  present  in 
lime  sulfur  solutions  has  been  established 
by  Abbott  et  al.  (1926),  Holland  et  aL 
(1921)  and  Tartar  (1914)  as  that  form  of 
sulfur  present  as  the  calcium  polysulfides. 
Whether  the  actual  mechanism  of  the 
toxic  action  is  through  its  solvent  action 
as  suggested  by  Tartar  (1914),  through 
the  action  of  hydrogen  sulfide  formed  or 
by  some  other  means  need  not  be  dis- 
cussed here. 

The  Present  Problem.— It  appears 
then  that,  aside  from  those  compounds 
such  as  the  thiosulfates,  sulfates  and 
others  the  determination  of  which  under 
various  conditions  gives  information  as  to 
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the  mechanism  of  the  chemical  reactions 
between  the  components  of  the  mixture, 
the  two  most  important  constituents  of 
any  spray  mixture  having  as  its  basis  hme 
sulfur  and  lead  arsenate  are  the  soluble 
arsenic  and  the  polysulfide  sulfur.  The 
ideal  condition  would  be  to  keep  the 
former  as  low  and  the  latter  at  as  high  a 
level  as  possible  in  the  mixture. 

The  following  experiments  have  been 
planned  to  indicate  the  chemical  changes 
which  take  place  in  lime  sulfur  solutions 
when  used  in  combination  with  lead  arse- 
nate alone  and  with  recognized  adjuncts: 
lime  and  dried  skim  milk  powder.  These 
studies  included  not  only  the  determina- 
tion of  soluble  arsenic  and  soluble  calcium 
but  also  a  quantitative  investigation  of 
the  soluble  sulfur  compounds  present  in 
the  mixtures,   of  which   the  polysulfide 
sulfur  has  been  considered  to  be  the  active 
fungicidal  agent.  Studies  were  also  made 
on  the  effect  of  various  physical  factors 
such  as  temperature,  time  of  agitation, 
etc.,  on  the  decomposition  of  lime  sulfur 
alone  and  in  mixtures. 

In  preparing  the  experimental  mixtures, 
conditions  used  in  commercial  orchard 
practice  were  followed  as  far  as  possible. 
The  period  of  agitation  of  the  mixtures 
was  limited  to  one  hour  as  the  maximum 
time  that  a  spray  solution  remains  in  the 
spray  tank  under  constant  stirring. 

Materials  Used. — The  following  ma- 
terials were  used  in  the  experiment. 

Liquid  Lime  Sulfur. — A  commercial 
grade,  concentrated  lime  sulfur  solution 
was  used  having  a  specific  gravity  of 
1.2762  and  a  Baume  reading  of  31.62  de- 
grees. Its  total  sulfur  content  was  24.05 

per  cent. 

Acid  Lead  Arsenate. — A  chemically 
pure  powder  purchased  from  the  Baker 
Chemical  Company.  On  analysis  it  was 
found  to  contain: 

Per  Cent 

Total  PbO 65.70 

^i^otal  Arsenic  Oxide 31 .  98 

Water  Soluble  Arsenic  as  AS2O6 .  .  0 .  53 
Moisture 0. 50 

Calcium  Hydroxide. — A  chemically  pure 
grade,  heated  before  use  to  insure  removal 
of  carbonates. 

Skim  Milk  Powder. — A  commercial 
product  prepared  for  spray  purposes, 
yellow  in  color  and  containing  by  analysis 
69.23  per  cent  protein.  It  was  separated 
by  screening  before  use  and  a  single  size 


used    for   all    of   the   experiments.    This 
passed  through  a  60-  but  not  80-mesh 

screen. 

Preparation  of  Experimental  Mix- 
tures.— After  mixing  the  several  ingredi- 
ents, whatever  the  number  chosen,  the 
final  volume  was  brought  to  one  liter.  The 
manipulation  was  as  follows  in  all  cases: 
Approximately   900   ml.   of  water   were 
placed  in  a  2-liter  beaker  fitted  with  a 
ground  glass  top  and  an  electric  stirrer. 
Unless   otherwise  noted,   distilled  water 
was    used.    The    solid    ingredients    were 
added  to  the  water  and,  while  the  mix- 
ture was  stirred,  lime  sulfur  concentrate 
was  added  in  quantity  sufficient  for  the 
dilution  desired.  Water  was  then  added  to 
make  the  final  volume  of  one  liter.  The 
mixture  was  stirred  for  the  period  desired 
at  a  constant  rate  of  200  revolutions  per 
minute.  The  mixture  was  filtered  immedi- 
ately through  a  Gooch  crucible  fitted  with 
a  hard  filter  paper  base. 

The  filtrate  was  sampled  (without  wash- 
ing the  residue)  for  total  sulfur,  sulfide 
sulfur,  thiosulfate  sulfur,  calcium  and  sol- 
uble arsenic  by  the  methods  indicated  be- 
low. 

The  residue  was  washed  with  a  very 
small  quantity  of  cold  distilled  water  un- 
til the  washings  were  free  from  the  yellow 
color  of  lime  sulfur  solution.  The  residues 
were  dried  for  two  hours  at  60  degrees  and 
retained  in  vacuo  over  sulfuric  acid  until 
constant  weight  was  reached. 

If  the  filtrate  was  to  be  stored  for  later 
analysis,  the  container  was  filled  to  ex- 
clude air,  capped  and  waxed,  and  stored 
in  a  dark  place. 

Methods  of  Analysis. — The  methods 
used  for  determining  total  sulfur,  sulfide 
sulfur,  thiosulfate  sulfur  and  water  solu- 
ble arsenic  (hydrazine  sulphate  and  so- 
dium bromide  distillation)  were  those 
given  in  the  Official  Methods  of  the  Asso- 
ciation of  Official  Agricultural  Chemists 
(1935).  Calcium  was  determined  by  the 
McCrudden  (1911)  method  as  modified 
by  Halverson  &  Shulz  (1920).  Hydrogen 
sulfide  was  estimated  by  placing  the 
closed  system  under  a  slight  vacuum 
and  drawing  the  evolved  gas  through  a 
solution  of  cadmium  chloride  as  suggested 
by  Scott  (1925). 

Effect  of  Dilution  on  the  Con- 
stituents OF  Lime  Sulfur  Concen- 
trate.— The  concentrated  lime  sulfur 
solution,    specific    gravity     1.2762    and 
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Quarts  Concentrate  Per  100  Gallons 
Dilution  Radio  of  Lime  Sulfur 


8 


12 


16 


1-100 


1-50 


1-33.3 


1-25 


Temperature  in  Degrees  C. 


23 


32 


23 


32 


23 


32 


23 


32 


Total  Sulfur  (g.  per  100  gal.)  1118.500  1101.600  2244.200  2183.200  3370.800  3321.500  4487.600 

Sulfide  Sulfur  (g.  per  100  gal.)  1042.900  1015.700  2106.800  2036.600  3161.400  3075.700  4209.200 

Thiosulfate  Sulfur  (g.  per  100  gal.)         67.200  74.100  124.800  142.800  186.900  215.000  248.800 

Sulfate  Sulfur  (g.  per  100  gal.)  8.400  12.000  15.200  23.800  22.500  30.800  29.600 

Calcium  (g.  per  100  gal.)  326.500  329.400  650.800  651.600  975.900  973.900  1299.600 

Sulfide  Sulfur  (per  cent)  93.500  92.200  93.870  92.280  93.780  92.600  93.790 

Mol  Ratio  S/Ca  (as  sulfide)  4.757  4.734  4.755  4.779  4.755  4.798  4.752 


4398.900 

4059.600 

302.800 

36.500 

1301.600 

92.280 

4.767 


Baume  31.62  degrees,  was  diluted  to 
various  degrees  between  1-10  and  1-200 
and  analyzed  as  a  preliminary  experi- 
ment. The  analyses  indicated  that  within 
the  dilution  range  studied  and  under  com- 
parable conditions  there  was  no  apprecia- 
ble change  in  the  percentage  of  the  con- 
stituents of  the  solutions.  The  oxidation 
change  appeared  to  proceed  slowly  during 
the  first  hour  under  these  conditions  and 
the  differences  in  the  percentage  of  the  ac- 
tive sulfide  in  the  diluted  solutions  were 
considered  negligible  from  a  practical 
standpoint. 

Effect  of  Temperature  Variation. 
— The  concentrated  lime  sulfur  was  di- 
luted in  proportions  of  1-25,  1-33.3,  1-50 
and  1-100.  These  mixtures  were  prepared 
according  to  the  standard  procedure  and 
were  stirred  at  a  constant  temperature  of 
32  degrees  C.  Table  1  is  a  comparison  of 
the  analyses  of  these  solutions  with  similar 
mixtures  prepared  at  23  degrees  C. 

A  rise  in  temperature  increased  the  rate 
of  decomposition  of  the  mixtures,  result- 
ing in  a  decreased  percentage  of  sulfide 
sulfur  in  the  solution.  There  was  also  an 
increase  in  thiosulfate  sulfur  in  compensa- 
tion to  the  loss  of  sulfur  as  the  sulfide. 
Little  change  appeared  in  secondary  prod- 
ucts resulting  from  the  decomposition. 
The  actual  percentage  of  the  sulfide  sulfur 
in  the  solution  decreased  approximately 
1^  per  cent. 

The  increase  in  the  ratio  of  sulfur  to  cal- 
cium in  the  sulfide  form  in  the  solutions, 
as  the  temperature  was  increased,  indi- 


cated a  rise  in  the  concentration  of  the 
polysulfide  in  solution  as  compared  to  the 
total  sulfur  in  solution.  Since  the  total 
calcium  in  the  solution  remained  at  the 
same  level  within  limits  of  experimental 
error,  and  the  sulfur  as  the  sulfate  in- 
creased only  to  a  slight  degree,  it  ap- 
peared that  the  change  due  to  increased 
temperature  resulted  from  an  increased 
hydrolysis  of  the  mixture.  Sulfur  was  lost 
from  the  solution,  apparently  as  hydrogen 
sulfide,  since  no  free  sulfur  was  precipi- 
tated from  the  solution.  The  free  sulfur, 
which  is  normally  precipitated  from  lime 
sulfur  solution  on  oxidation  and  formation 
of  the  thiosulfate  and  sulfate  sulfur,  was 
then  redissolved  in  the  solution,  where  it 
retained  the  sulfide  concentration  at  its 
high  level. 

Effect  of  Time. — Concentrated  lime 
sulfur  diluted  1-50  was  prepared  and 
stirred  according  to  the  standard  pro- 
cedure at  a  constant  temperature  of  23  de- 
grees C.  for  periods  ranging  between  1  and 
45  hours.  Analyses  were  made  of  each  of 
the  solutions  in  order  to  determine  the  ex- 
tent of  the  decomposition  process. 

Under  the  conditions  of  the  experi- 
ment, the  sulfide  sulfur  of  the  solution  was 
almost  entirely  removed  in  45  hours, 
table  2.  The  loss  of  sulfur  as  the  sulfide 
was  proportional  to  the  increase  in  the 
concentration  of  the  thiosulfate  sulfur  and 
sulfate  sulfur  in  solution.  The  decomposi- 
tion progressed  slowly  in  the  initial  stages 
but  appeared  to  increase  rapidly  in  the 
later  stages  of  agitation. 


Table  2. — Effect  of  time  of  stirring  on  the  constituents  of  lime  sulfnr  diluted  1-50  (23  degrees  C). 


Hours  Stirred 


10 


SO 


80 


40 


45 


Total  Sulfur  (g.  per  100  gal.) 
Sulfide  Sulfur  (g.  per  100  gal.) 
Thiosulfate  Sulfur  (g.  per  100  gal.) 
Sulfate  Sulfur  (g.  per  100  gal.) 
Calcium  (g.  per  100  gal.) 
H,S  Evolved  (g.  per  100  gal.) 
Sulfide  Sulfur  (per  cent) 
Mol  Ratio  S/Ca  (as  sulfide) 


2<44.200 

210«.8OO 

144.800 

15.200 

650.800 

2.000 

93.870 

4.755 


1912.000 

1702.600 

154.300 

55.100 

652.600 

10.200 

98.040 

4.437 


1630.400 

1347.100 

201.500 

81.800 

6.35.400 

12.400 

82.630 

3 .  695 


1318.100 

916.600 

301.100 

100.400 

623.800 

12.600 

69.540 

3.411 


1067.600 

523 . 600 

377.200 

166.800 

615.800 

11.200 

49.040 

2.945 


789.600 

189.900 

443 . 000 

156.700 

647 . 700 

11.900 

24.050 

1.939 


758.300 

11.100 

607.600 

139.600 

652.300 

12.100 

1.460 

0.141 
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Free  sulfur  was  precipitated  from  the 
solution  during  the  first  five  hours  and 
continued  to  be  precipitated  throughout 
the  45  hour  period.  From  the  analyses  it 
appears  that  during  the  period  approxi- 
mately one-third  of  the  total  sulfur  pres- 
ent in  the  solution  was  precipitated  as  the 
free    sulfur.    Hydrogen    sulfide    evolved 
from  the  mixture  was  small,  indicating 
that  the  decomposition  was  primarily  due 
to  oxidation.  As  the  solution  became  more 
dilute  with  respect  to  the  concentration  ot 


Dilutions  of  the  concentrated  lime  sul- 
fur solution  were  prepared  which  ranged 
between  1-10  and  1-200.  Lead  arsenate 
was  added  to  the  dilute  lime  sulfur  in 
amounts  equivalent  to  3  pounds  in  100 
gallons  of  solution.  Each  member  ot  the 
series  was  treated  according  to  the  stand- 
ard procedure  at  a  constant  temperature 
of    23    degrees    C.    The    results    of    the 
analyses,  table  3,  were  calculated  on  the 
basis  of  grams  in  100  gallons  of  mixture. 
The  relative  proportions   of  the  con- 


Table  3.-Eff  ect,  on  the  constituents  of  the  solutions,  of  the  addition  of 
nate  to  diluted  lime  sulfur  solutions. ___^^________. 


three  pounds  of  lead  arse- 


QuARTs  Concentrate  Per  100  Gallons 
Dilution  Ratio  of  Lime  Sulfur    


8 


n 


16 


20 


40 


1-200 


1-100 


1-50 


1-33.3 


1-25 


1-20 


1-10 


Total  Sulfur  (g.  per  100  gal.) 
Sulfide  Sulfur  (g.  per  100  gal.) 
Thiosulfate  Sulfur  (g.  per  100  gal.) 
Sulfate  Sulfur  (g.  per  100  gal.) 
Calcium  (g.  per  100  gal.) 
Soluble  AsiOb  (g.  per  100  gal.) 
Residue  (g.  per  100  gal.) 
Sulfide  Sulfur  (per  cent) 
Mol  Ratio  S/Ca  (as  sulfide) 


87 . 300 

13.100 

67.800 

6.400 

66.700 

19.900 

1701.700 

14.890 

1.010 


605.400 

470.200 

108.200 

27.000 

223.700 

17.100 

1964 . 400 

77.660 

4.855 


1765.300 

1576.400 

145.400 

43.500 

543.200 

12.100 

1978.800 

89.290 

4.952 


2902.700 
2632 . 300 
197 . 800 
52 . 600 
851.600 
9.000 
1992.500 
90.680 
4.969 


4016.700 

3706.600 

250.400 

59.700 

1163.600 

7.800 

1998.800 

92.280 

4.967 


5145.600 

4773.600 

298.900 

73.100 

1483 . 900 

6.600 

1819.900 

92.770 

4.947 


10577.500 

9806.200 

615.700 

156.600 

3064.400 

6.200 

1662.900 

92.780 

4.935 


the  polysulfides,  the  oxidative  process  was 

increased.  •     .u 

The  ratio  of  sulfur  to  calcium  in  the 
sulfide  form  in  the  solution  decreased  at  a 
regular  rate,  indicating  that  sulfur  as  free 
sulfur  was  the  only  oxidative  product  lost 
from  solution.  The  loss  of  calcium  during 
the  middle  stages  of  the  decomposition 
and  its  recovery  towards  the  end  of  the 
stirring  period  may  be  due  to  a  precipita- 
tion  of   oxidation   products  later  redis- 
solved  in  solution  as  the  thiosulfate  and 
other  oxidation  proclucts  increase.  These 
results  agree  with  the  analyses  reported 
by  Fernald  (1907). 

Effect  of  Addition  of  Acid  Lead 
Arsenate.— Workers  agree  that  the  ad- 
dition of  acid  lead  arsenate  to  lime  su  fur 
solutions  results  in  a  loss  of  sulfide  sulfur 
from   the   solution    and    an    increase   in 
thiosulfate  and  sulfate  sulfur.  In  addi- 
tion a  residue  is  formed  and  precipitated. 
There  is  further,  reduction  in  soluble  sul- 
fur due  to  the  precipitation  of  lead  sulfide 
and  the  formation  of  an  arsenate  of  cal- 
cium. The  loss  of  sulfur  due  to  the  forma- 
tion of  lead  sulfide  has  been  regarded  as 
the  cause  of  the  removal  of  calcium  from 
the   solution.    It   has   been   claimed    by 
Goodwin  &  Martin  (1925)  and  by  Ruth 
(1913)  that  thioarsenates  are  formed  in 
the  process. 


stituents  in  the  diluted  mixtures  did  not 
vary  directly  with  dilution  as  in  the  case 
of  lime  sulfur  solutions  prepared  m  a  simi- 
lar  manner.   The   actual   percentage   of 
sulfide  sulfur  present  in  the  solution  was 
practically  constant  in  dilutions  more  con- 
centrated than  1-50.  In  the  very  dilute 
solutions  there  was  an  increase  in  the 
amount  of  thiosulfate  and  other  soluble 
oxidation  products  which  suggests  that 
the  loss  of  sulfur  as  the  sulfide  was  not  due 
in  these  cases  to  the  direct  addition  of  lead 
arsenate  but  rather  to  an  increased  oxida- 
tion of  the  mixture  in  the  presence  of  lead 

The  addition  of  lead  arsenate  measur- 
ably reduced  the  sulfide  content  of  the 
more  dilute  mixtures.  However,  in  solu- 
tions of  higher  concentration,  the  per- 
centage change  of  the  sulfide  sulfur  was 
small.  For  example,  in  the  1-200  dilution, 
the  percentage  of  sulfide  sulfur  was  re- 
duced from  92.25  to  14.89  per  cent.  J^or 
the  1-10  mixture,  however,  the  loss  was 
only  from  93.82  per  cent  to  92.78  per  cent 
The  sulfide  concentration  in  the  1-10 
dilution  of  the  mixture,  calculated  upon 
the  basis  of  the  total  sulfur  added  to  the 
solution,   shows   a  greater  reduction   of 
sulfide  from  the  solution.  These  values 
show  a  reduction  of  from  93.82  per  cent  to 
88.84  per  cent. 
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The  relative  increase  in  the  calcium 
polysulfide  concentration  is  illustrated  in 
the  sulfur  to  calcium  ratio  in  the  sulfide 
form.  The  increase  of  the  ratio  from  an 
average  value  of  4.755  in  the  case  of  lime 
sulfur  alone  to  a  value  of  4.954  indicates 
that  the  proportion  of  the  pentasulfide  in 
the  mixture  has  increased  due  to  the  addi- 
tion of  the  lead  arsenate  to  solutions  more 
concentrated  than  1-50. 

The  increase  in  the  ratio  may  be  traced 
to  the  decomposition  of  lead  arsenate  by 
hydrogen  sulfide  in  the  solution.  As  the 
lead  is  precipitated  from  the  lead  arse- 
nate, calcium  is  removed  from  the  calcium 
polysulfide  by  arsenic  acid  produced  and 
precipitated  from  the  solution  as  an  arse- 
nate of  calcium.  Removal  of  calcium  from 
the  solution  in  a  constant  quantity  and  in 
a  greater  proportion  than  the  loss  of  sulfur 
either  as  the  sulfide  of  lead  or  as  free  sul- 
fur should  increase  the  molecular  ratio  be- 
tween them. 

According  to  Thatcher  &  Streeter 
(1924)  and  Young  (1930),  the  extent  of 
hydrolysis  of  the  polysulfides  resulting  in 
the  formation  of  hydrogen  sulfide  in  lime 
sulfur  solution  appears  to  be  dependent 
upon  the  dilution  of  the  solution.  The  in- 
creased formation  of  soluble  arsenic  in  the 
solutions  from  lime  sulfur  and  lead  arse- 
nate mixtures  as  the  dilution  was  increased 
would  appear  as  a  result  of  an  increased 
formation  of  hydrogen  sulfide  and  also  as 
an  aid  to  the  further  decomposition  of  the 
polysulfide  in  the  solution. 

Effect  of  Type  of  Water. — An  ex- 
periment was  performed  using  distilled 
water,  tap  water  and  water  freed  from 
carbon  dioxide  as  the  diluting  agents.  The 
lime  sulfur  solutions  were  prepared  ac- 
cording to  the  standard  procedure  in 
which  a  dilution  of  1-50  of  the  lime  sulfur 
was  used.  Lead  arsenate  was  added  in  the 
proportion  of  three  pounds  in  100  gallons. 
The  results  indicated  that  there  was  little 
difference  in  the  primary  sulfur  containing 
compounds  in  the  mixture  when  the  differ- 
ent waters  were  used.  Comparative  results 
may  be  obtained  using  any  of  these 
waters,  although  the  results  could  be  more 
readily  duplicated  if  distilled  water  were 

used. 

Effect  of  Time  and  Temperature — 
In  a  series  mixtures  of  lime  sulfur  and 
lead  arsenate  the  lime  sulfur  was  diluted 
at  the  rate  of  1-50  and  lead  arsenate 
added  in  the  proportion  of  3  pounds  in  100 


gallons.  The  mixtures  were  prepared  ac- 
cording to  the  general  procedure.  Each 
mixture  was  stirred  for  a  period  and  the 
solution  analyzed.  Successive  mixtures 
were  prepared  and  sampled  after  longer 
periods  until  an  analysis  of  the  solutions 
indicated  a  disappearance  of  the  sulfide 
sulfur  in  the  solution.  Constant  tempera- 
tures in  the  two  series  of  experiments 
were  maintained  at  23  degrees  C.  and 
32  degrees  C.  The  results  are  shown  in 
figs.  1  and  2. 
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Fig.   1. — Hydrogen   sulfide  and   soluble   AS2O6  in 
relation  to  time  of  stirring  and  temperature. 

The  decomposition  of  the  polysulfides 
in  the  solution  when  in  contact  with  lead 
arsenate  proceeded  rapidly  during  the 
first  hour  of  contact  and  between  the 
fourth  and  tenth  hours,  after  which  the 
decomposition  appeared  to  be  constant. 

A  decrease  in  the  sulfide  sulfur  content 
was  reflected  to  some  extent  by  an  in- 
crease in  the  thiosulfate  sulfur  soluble  in 
the  solution.  However,  the  greatest  loss 
to  the  solution  was  the  free  or  precipi- 
tated sulfur  passing  into  the  residue. 
Partial  analyses  of  the  residues  showed 
that  the  proportion  of  free  sulfur  precipi- 
tated increased  to  approximately  the 
twenty-second  hour,  beyond  which  there 
was  no  appreciable  increase.  Thereafter 
the  loss  of  sulfur  from  the  sulfide  may  be 
accounted  for  by  an  increase  in  the  thio- 
sulfate sulfur  in  solution. 
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The  proportion  of  sulfur  remaining, 
calculated  as  the  sulfate,  showed  a  marked 
increase  between  the  sixteenth  and 
twenty-fourth  hours,  where  the  precipi- 
tation of  sulfur  as  free  sulfur  ceased  and 
the  increase  in  thiosulfate  sulfur  in  the 
solution  was  at  its  greatest  rate. 

Complete  decomposition  of  the  sultide 


1800 


A   TOTAL  SULFUR 

B   TOTAL   SULFUR 

C   THIO.   SULFUR 

D   THIO.  SULFUR 

E    SULFIDE    SULFUR    2  3°C 

F    SULFIDE   SULFUR   32°C 


23°C 
32°C 
32«'C 
23°C 


10  15  20  25 

HOURS       STIRRED 

Fig  2 —Total  sulfur,  thiosulfate  sulfur  and  sulfide 
sulfur  in  relation  to  time  of  stirring  and  temperature. 

was  reached  in  30  hours  in  the  mixture 
stirred  at  23  degrees  C.  The  sulfide  sulfur 
in  the  mixtures  stirred  at  a  temperature 
of  32  degrees  C.  was  completely  removed 
in  23  hours. 

The  principal  effect  of  a  change  m  tem- 
perature was  an  alteration  of  the  rate  of 
decomposition  process  as  shown  in  fig.  1. 
The  curves  are  comparative  over  the  en- 
tire range  of  the  stirring  period  and  pro- 
gress in  a  similar  manner  independent  of 
the  temperature. 

The  water  soluble  arsenic  in  the  mix- 
tures stirred  at  32  degrees  C.  was  less 
than  the  amount  found  in  the  solutions 
stirred  at  23  degrees  C.  Fig.  2  shows  the 
Halation  between  the  temperatures  and 
the  presence  of  soluble  arsenic  and  hydro- 
gen sulfide  in  the  solutions.  At  the  higher 
temperature  the  hydrogen  sulfide  was 
more  quickly  removed  from  the  solution. 
It  thus  prevented  the  reaction  between  it 
and  lead  arsenate  from  forming  arsenic 


acid  as  the  end  product  of  the  reaction. 
The  soluble  arsenic  in  the  mixture  of 
lime  sulfur  and  lead  arsenate  stirred  at  23 
degrees  C.  increased  at  a  constant  rate  to 
the  sixteenth  hour,  when  there  was  an 
abrupt  rise  in  the  proportion  soluble  in 
solution.  This  increase  corresponded  to 
the  analyses  for  hydrogen  sulfide  evolved 
from  the  solution,  which  increased  to  ap- 
proximately the  sixteenth  hour  and  there- 
after was  nearly  constant.  Similar  curves 
are   shown   for   analyses   of   the   soluble 
arsenic  and  hydrogen  sulfide  on  the  mix- 
ture stirred  at  32  degrees  C.  In  this  case, 
however,  the  change  occurred  at  approxi- 
mately the  twenty-second  hour  of  agita- 

Effect  of  Added  Lime. — The  changes 
that  occur  in  the  composition  of  a  spray 
of  mixed  lime  sulfur  and  lead  arsenate  as 
shown  by  the  analyses  of  solution  in  the 
previous  experiments,  particularly  the 
marked  reduction  in  the  amount  of  poly- 
sulfide  sulfur  present  in  solution,  empha- 
size the  need  for  the  addition  of  some  ma- 
terial which  will  retard  or  completely 
overcome  the  tendency  for  chemical  re- 
action between  the  members  of  the  mix- 
ture. .   ., 

The  use  of  slaked  lime  to  prevent  the 
formation  of  soluble  arsenic  was  proposed 
by  Robinson  (1919),  who  had  previously 
shown  that  its  use  with  acid  calcium 
arsenate  lowered  the  amount  of  soluble 
arsenic  in  the  solution.  He  advised  the 
addition  of  10  pounds  of  lime  to  100  gal- 
lons of  lime  sulfur  solution  previous  to  the 
addition  of  lead  arsenate  and  indicated 
that  the  polysulfide  content  under  these 
conditions  decreased  very  little. 

In  order  to  determine  the  effect  of  lime 
on  the  combination  of  lead  arsenate  and 
lime  sulfur,  five  dilutions  were  prcpared 
which  ranged  between  1-20  and  1-100. 
These  were  treated  according  to  the 
standard  procedure  with  hme  added  in 
the  proportion  of  1  pound  in  100  gallons 
of  mixture.  The  analyses  of  these  mix- 
tures are  shown  in  table  4  and  are  calcu- 
lated in  terms  of  grams  in  100  gallons  of 

the  mixture.  , 

From  table  4  it  appears  that  through 
the  addition  of  1  pound  of  slaked  lime  per 
100  galkms  of  spray  mixture  the  quantity 
of  sulfur  (both  total  and  as  the  sulhde)  m 
solution  was  greater  than  when  no  lime 
was  present  in  a  similar  mixture  of  lead 
arsenate  and  lime  sulfur.  The  difference  in 
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Table  4. — ^Variation  in  the  constituents  of  the  solution  when  lime  was  added  to  diluted  mixtures 
of  lime  sulfur  and  lead  arsenate. 


Proportion 

4-3-1-0* 

8-3-1-0 

12-3-1-0 

16-3-1-0 

20-3-1-0 

Dilution  Ratio  of  Lime  Sulfur 

1-100 

1-50 

1-33.3 

1-25 

1-20 

Total  Sulfur  (g.  per  100  gal.) 

1115.500 

2245 . 800 

3370.000 

4491 . 100 

5606.200 

Sulfide  Sulfur  (g.  per  100  gal.) 

778.100 

1795.700 

2802.800 

3817.000 

4819.300 

Thiosulfate  Sulfur  (g.  per  100  gal.) 

202.000 

305.400 

419.200 

506.700 

606.500 

Sulfate  Sulfur  (g.  per  100  gal.) 

135.400 

144.700 

148.000 

167.400 

180.400 

Calcium  (g.  per  100  gal.) 

492.500 

827.100 

1159.500 

1493.000 

1821.100 

Soluble  AsaOs  (g.  per  100  gal.) 

8.400 

6.100 

5.500 

4.800 

4.100 

Residue  (g.  per  100  gal.) 

1452.300 

1467.200 

1458.700 

1463.600 

1461.700 

Sulfide  Sulfur  (per  cent) 

69.750 

79.950 

84.060 

84.900 

85.780 

Mol  Ratio  S/Ca  (as  sulfide) 

4.936 

4.927 

4.951 

4.933 

4.951 

*  The  first  figure  represents  quarts  of  lime  sulfur  concentrate;  the  second,  pounds  of  lead  arsenate;  the  third,  pounds  of  slaked  lime; 
the  fourth,  pounds  of  dried  skim  milk;  all  figures  are  on  the  basis  of  100  gallons  of  spray  mixture. 


the  per  cent  sulfide  sulfur  appeared  as  an 
increase  in  the  total  quantity  of  thiosulfate 
and  sulfate  sulfur  in  solution.  These  in- 
creased in  the  proportion  of  twofold  and 
tenfold,  respectively. 

Excess  calcium  reduced  the  soluble  ar- 
senic in  the  mixtures  to  a  minimum  of  4.1 
grams  per  100  gallons  as  compared  to  a 
minimum  of  6.2  grams  in  mixtures  of  lime 
sulfur  and  lead  arsenate.  In  water  solu- 
tion, pure  lead  arsenate  was  soluble  to  the 
extent  of  6.8  grams  per  100  gallons. 

The  major  effect  of  the  addition  of  one 
pound  of  lime  to  diluted  mixtures  of  lime 
sulfur  and  lead  arsenate  was  a  retention  of 
sulfur  in  solution.  Soluble  arsenic  was  re- 
duced to  a  minimum,  and  the  ratio  of 
sulfide  sulfur  to  sulfide  calcium  retained  at 
its  high  level.  The  difference  between  the 
weights  of  these  precipitates  and  those  of 
a  similar  series  where  lime  sulfur  and  lead 
arsenate  were  combined  (table  3)  was 
506.8  grams  per  100  gallons.  This  value 
closely  approximated  the  quantity  of  lead 
sulfide  (507.3  grams)  which  was  found  on 
partial  analysis  of  the  residues  from  simi- 
lar mixtures  of  lime  sulfur  and  lead  arse- 
nate. 

In  order  to  determine  the  effect  of  the 


addition  of  larger  quantities  of  lime  to  the 
lime  sulfur  and  lead  arsenate  mixtures, 
lime  sulfur  was  diluted  to  1-50  and  lead 
arsenate  added  at  the  rate  of  3  pounds  to 
100  gallons.  Lime  was  added  to  these  in 
proportion  varying  between  8  ounces  and 
9  pounds  per  100  gallons  of  solution.  The 
values  for  the  components  of  the  solution, 
as  shown  in  table  5,  are  calculated  in 
terms  of  grams  in  100  gallons  of  mixture. 
The  precipitation  of  sulfur  resulting 
from  the  addition  of  lead  arsenate  was  re- 
tarded when  lime  was  added  in  any  quan- 
tity between  8  ounces  and  9  pounds. 

The  principal  effect  of  the  addition  of 
lime  was  to  increase  the  proportion  of  sol- 
uble oxidation  products  in  the  solution. 
In  the  mixtures  analyzed  which  contained 
between  8  ounces  and  3  pounds  of  lime, 
the  state  of  the  polysulfides  in  the  solution 
appeared  to  be  constant  as  indicated  by 
the  sulfur  to  calcium  ratio.  When  6  or  9 
pounds  of  lime  were  added,  the  ratio  indi- 
cated that  the  polysulfides  in  the  solution 
were  made  up  primarily  of  the  tetrasulfide 
rather  than  the  pentasulfide. 

As  the  proportion  of  lime  added  to  the 
solution  was  increased  between  the  limits 
of  8  ounces  and  9  pounds,  an  increased 


Table  5.— Effect  on  the  constituents  of  the  solution  when  lime  was  added  to  mixtures  of  lime  sulfur 
and  lead  arsenate  diluted  1-50. 

8-O-0-0*      8-3-0-0       8-3-i-O      8-3-1-0        8-3-2-0       8-3-3-0       8-3-6-0       8-3-^ 


Proportion 


Total  Sulfur  (g.  per  100  gal.) 
Sulfide  Sulfur  (g.  per  100  gal.) 
Thiosulfate  Sulfur  (g.  per  100  gal.) 
Sirlfate  Sulfur  (g.  per  100  gal.) 
Calcium  (g.  per  100  gal.) 
Soluble  Asi()5  (g.  per  100  gal.) 
Residue  (g.  per  100  gal.) 
Sulfide  Sulfur  (per  cent) 
Mol  Ratio  S/Ca  (as  sulfide) 


2244. «00 
2106.800 

124.800 
15.200 

650 . 800 


93.870 
4.755 


1765.300 

1576.400 

145.400 

43 . 500 

543 . 200 

12.100 

1978.800 

89.290 

4 .  952 


2241.400 

1978.900 

181.700 

80.800 

714.800 

6.400 

1417.100 

88.280 

4.942 


2245 . 800 

1795.700 

305.400 

144.700 

827.100 

6.100 

1467.200 

79.950 

4.927 


2248.400 

1740.600 

310.200 

197.600 

891.600 

5.400 

1802.500 

77.430 

4.826 


2252.000 

1706.500 

373 . 400 

172.100 

904.600 

3.900 

2130.100 

75.770 

4.676 


2247.200 

1791.000 

344 . 600 

111.600 

919.400 

3.. 300 

3325.200 

79.630 

3.965 


2244 . 500 

20.38.400 

150.400 

55.700 

946.400 

3.200 

4584.100 

91.260 

3.253 


•  The  first  figure  represents  quarts  of  lime  sulfur  concentrate;  the  second  pounds  of  lead  arsenate;  the  third,  pounds  of  .slaked  lime; 
the  fourth/pounds  of  dried  skim  milk;  all  figures  are  on  the  basis  of  100  gallons  of  spray  mixture. 
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Table  6.-Effect  on  the  constituents  of  the  solution  when  dried  skim  milk  was  added 
of  diluted  lime  sulfiu:  and  lead  arsenate. 


to  mixtures 


Proportion 


4_3_0-l*  S^S^l  12-3-0-1         16-3-0-1         ^OS^-l 


1-50 


1-33.3 


1-25 


Dilution  Ratio  of  Lime  Sulfur  1-100 

Total  Sulfur  (g.  per  100  gal.) 

Sulfide  Sulfur  (g.  per  100  gal.) 

Thiosulfate  Sulfur  (g.  per  100  gal.) 

Sulfate  Sulfur  (g.  per  100  gal.) 

Calcium  (g.  per  100  gal.) 

Soluble  AS2O5  (g.  per  100  gal.) 

Residue  (g.  per  100  gal.) 

Sulfide  Sulfur  (per  cent) 

Mol  Ratio  S/Ca  (as  sulfide)  


1-20 


712.600 

639.500 

69.300 

22 . 700 

245.400 

16.500 

1822.500 

89 . 740 

4.883 


1828.200 

1654.400 

143.600 

30.200 

552.600 

15.300 

1864.100 

90.490 

4.864 


2938.600 

2680.600 

232.600 

25.400 

868.400 

14.800 

1842.700 

91.220 

4.848 


4063.700 

3732.900 

308.800 

22 . 000 

1186.300 

15.000 

1872.700 

91.860 

4.831 


5196.400 

4772.800 

403.500 

20.100 

1502.700 

14 . 700 

1831.600 

92.040 

4.867 


pounds  of  slaked 


residue  resulted.  Hydrogen  sulfide  was 
not  evolved  in  detectable  quantities  from 
any  of  the  mixtures  to  which  lime  had 
been  added.  Arsenic  rendered  soluble  in 
the  solution  was  reduced  as  the  quantity 
of  lime  was  increased. 

From  the  standpoint  of  the  chemical 
stability  of  the  solution  under  the  condi- 
tions of  the  experiments,  the  addition  of 
8  ounces  of  lime  was  sufficient  to  prevent 
a  reaction  resulting  in  the  formation  of 
lead  sulfide  in  the  residue.  The  addition  ot 
lime  did  not  prevent  the  decomposition  of 
the  sulfides  in  the  solution  in  a  manner 
proportional  to  the  amount  added.  The 
use  of  lime  in  quantities  of  8  ounces,  1,  2 
and  3  pounds  aided  in  the  decomposition 
of  the  sulfides  as  the  quantity  was  in- 
creased. However,  the  addition  of  lime  in 
larger  quantities  of  6  and  9  pounds  re- 
versed the  reaction  and  returned  the  sul- 
fide content  of  the  solution  to  a  level  ap- 
proximating that  of  lime  sulfur  solution 
at  a  similar  concentration. 

Triple  mixtures  containing  lime  in 
quantities  of  8  ounces,  1,  2  and  3  pounds 
contained  quantities  of  polysulfide  sulfur 


nearly  as  great  as  lime  sulfur  solution 
alone.  No  apparent  loss  was  found  in  the 
total  sulfur  which  was  added  to  the  naix- 
ture  in  the  form  of  lime  sulfur  solution. 
The  addition  of  lime  in  all  cases  prevented 
a  decomposition  similar  to  that  shown  in 
the  analysis  of  the  solution  from  lime  sul- 
fur and  lead  arsenate  mixtures. 

Effect  of  Added  Dry  Skim  Milk 
Powder.— The  use  of  casein  in  spray  mix- 
tures has  been  advocated  by  many  work- 
ers. Various  preparations  have  been  used, 
including    liquid    whole,    condensed    or 
skimmed  milk,  dried  milk  powders,  and 
combinations  of  milk  preparations  with 
lime,  loosely  termed  "casein-lime    or  cal- 
cium caseinate.  It  apparently  has  been 
the  general  opinion  that  these  materials 
act  in  two  ways:  through  their  colloidal 
properties  as  wetting,  spreading  and  stick- 
ing   agents,    or   through    means    not    so 
clearly  understood  as  preventives  of  the 
formation  of  undesirable  decomposition 

products.  r  xi,- 

While  it  is  beyond  the  scope  of  this 
paper  to  investigate  the  possible  action  of 
casein  on  the  physical  properties  of  spray 


Table  7.-Variation  of  the  constituents  of  solution  upon  the  addition  of  dried  skim  milk  to  mix- 
tures  of  lime  sulfur  and  lead  arsenate  diluted  1-50. 


Total  Sulfur  (g.  per  100  gal.) 
Sulfide  Sulfur  (g.  per  100  gal.) 
Thiosulfate  Sulfur  (g.  per  100  gal.) 
Sulfate  Sulfur  (g.  per  100  gal.) 
Calcium  (g.  per  100  gal.) 
Soluble  AsaOfi  (g.  per  100  gal.) 
Residue  (g.  per  100  gal.) 
Sulfide  Sulfur  (per  cent) 
Mol  Ratio  S/Ca  (as  sulfide) 


2244.200 
2106.800 

124.800 
15.200 

650.800 


93.870 
4.755 


1765.300 

1576.400 

145.400 

43.500 

543.200 

12.100 

1978.800 

89.290 

4.952 


1795.200 

1627.800 

135.300 

32.100 

545.400 

14.500 

1764.600 

90.660 

4.835 


1828.200 

1654.400 

143.600 

30.200 

552.600 

15.300 

1864.100 

90.490 

4.864 


1835.100 

1658.500 

151.300 

25.300 

548.600 

16.200 

1963.600 

90 . 380 

4.906 


1854.300 

1671.100 

166.000 

17.200 

549 . 900 

16.400 

2120.300 

90.120 

4.918 
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mixtures,  the  effect  of  dried  skim  milk 
powder  on  the  chemical  composition  of 
mixtures  containing  lime  sulfur  and  lead 
arsenate  was  studied.  Mixtures  of  lime 
sulfur,  diluted  within  the  range  of  1-10 
and  1-100,  were  prepared  according  to 
the  standard  procedure.  Lead  arsenate 
was  added  at  the  rate  of  3  pounds  and 
dried  skim  milk  at  the  rate  of  1  pound  in 
100  gallons  of  solution.  The  results  are 
shown  in  table  6. 


nate.  The  addition  of  dried  skim  milk 
slightly  increased  the  quantity  of  total 
sulfur  retained  in  the  solution  while  the 
sulfide  concentration  appeared  to  vary 
only  slightly  over  the  entire  range  of  ad- 
dition of  the  dried  skim  milk. 

Comparisons  between  the  analyses  of 
solutions  from  mixtures  of  lead  arsenate 
and  lime  sulfur  containing  lime  and  those 
containing  dried  skim  milk  in  similar 
quantities    indicate    that    lime    was    of 


Xable  8. Effects  of  the  addition  of  lime  and  dried  skim  milk  upon  the  constituents  of  mixtures  of 

lime  sulfur  and  lead  arsenate  diluted  1-50.  


Proportion 


8-0-0-0*      8-3-0-0      8-3-i-i        8-3-i-l       8-3-^-2       8-3-^-3       8-3-1-i       8-3-1-1      8-3-1-2 


Total  Sulfur  (g.  per  100  gal.) 
Sulfide  Sulfur  (g.  per  100  gal.) 
Thiosulfate  Sulfur  (g.  per 

100  gal.) 
Sulfate  Sulfur  (g.  per  100  gal.) 
Calcium  (g.  per  100  gal.) 
Soluble  AS2O5  (g.  per  100  gal.) 
Residue  (g.  per  100  gal.) 
Sulfide  Sulfur  (per  cent) 
Mol  Ratio  S/Ca  (as  sulfide) 


2244 . 200 
2106.800 

124.800 

15.200 

650.800 


93.870 
4.755 


1765.300     2243.600     2240.600     2243.700     2245.200 
1576.400     1958.200     1847.600     1798.600     1710.600 


145.400 

43.500 

543.200 

12.100 

1978.800 

89.290 

4.952 


127.900 

155.500 

804 . 800 

6.400 

1331.500 

87 . 280 

4.612 


255.300 

137.700 

812.700 

7.300 

1454.700 

82.460 

4.700 


315.400 

129.700 

833 . 600 

9.900 

1468.600 

80.160 

4.744 


409.400 

125.200 

852 . 600 

12 . 600 

1536.800 

76.630 

4.857 


2247 . 600 
1863.700 

231.600 

152.300 

838.700 

6.000 

1512.800 

82.920 

4.625 


2245.300 
1950.200 

130.500 

164.600 

836.600 

6.300 

1640.200 

86.850 

4.421 


2245.400 
1904.600 

200.400 

140.400 

852.700 

6.600 

1682.900 

84.820 

4.312 


Proportion 


8-3-1-3       8-3-2-i       8-3-2-1       8-3-2-2       8-3-2-3      8-3-3-§        8-3-3-1       8-3-3-2        8-3-3-3 


Total  Sulfur  (g.  per  100  gal.)  2246.200 

Sulfide  Sulfur  (g.  per  100  gal.)  1834 .  900 
Thiosulfate  Sulfur  (g.  per 

100  gal.)  276.000 
Sulfate  Sulfur  (g.  per  100  gal.)     135 .  300 

Calcium  (g.  per  100  gal.)  864.800 

Solul>le  AstOi  (g.  per  100  gal.)  7 .  800 

Residue  (g.  per  100  gal.)  1784.700 

Sulfide  Sulfur  (per  cent)  81 .  760 

Mol  Ratio  S/Ca  (as  sulfide)  4 .  384 


2239.700     2241.800     2246.700 
1803.500     1842.100     1946.300 


212.800 

223 . 400 

884.700 

5.700 

1998.600 

80.520 

4.672 


235.100 

184.600 

896.800 

7.400 

2092.700 

82.610 

4.453 


136.600 

163.800 

902.500 

5.300 

2114.600 

86.630 

3.972 


2240.600 
1872.300 

242.700 

125.600 

917.600 

8.400 

2146.800 

83.560 

3.842 


2246.500 
1765.600 

260.200 

220.700 

918.600 

4.100 

2226.500 

78.430 

4.598 


2247.600 
1801.700 

197.200 

248.700 

923 . 300 

4.200 

2312.100 

80.110 

4.60t 


2242 . 200 
1920.400 

164.600 

157.200 

925.700 

4.600 

2484.700 

85.340 

3.832 


2245.900 
1939.200 

142.600 

164.100 

928.700 

4.500 

2541.700 

86.140 

3.790 


*  The  first  figure  represents  quarts  of  lime  sulfur  concentrate;  the  second,  pounds  of  lead  arsenate;  the  third,  pounds  of  slaked 
lime:  the  fourth!  pounds  of  dried  skim  milk;  all  figures  are  on  the  basis  of  100  gallons  of  spray  mixture. 


The  primary  influence  of  the  addition 
of  dried  skim  milk  was  a  diminution  of  the 
decomposition  of  the  solution.  The  sulfide 
concentration  was  greater  than  that  found 
in  similar  mixtures  containing  lime  sulfur 
and  lead  arsenate.  The  protection  from 
decomposition  of  the  sulfide  sulfur  in  the 
solution  was  not  as  great  as  that  found 
when  lime  in  the  quantities  used  was 
added  to  like  dilutions  of  the  mixture. 

Oxidation  of  the  lime  sulfur  solution 
was  retarded,  as  shown  by  the  reduced 
quantities  of  thiosulfate  and  sulfur  as  the 
sulfate  in  solution. 

A  series  of  mixtures  was  prepared  con- 
taining lime  sulfur,  diluted  1-50,  lead 
arsenate  at  the  rate  of  3  pounds  and  dried 
skim  milk  in  quantities  varying  between 
8  ounces  and  8  pounds  in  100  gallons  of 
solution.  The  results  are  shown  in  table  7. 
The  analyses  of  the  solutions  showed 
results  similar  to  those  of  the  previous  ex- 
periment. Sulfide  sulfur  was  retained 
above  the  value  calculated  to  be  present 
in  mixtures  of  lime  sulfur  and  lead  arse- 


greater  benefit  in  the  retention  of  total 
and  of  sulfide  sulfur  in  the  solution. 

Soluble  arsenic  in  the  solutions  contain- 
ing dried  skim  milk  was  increased  as  the 
proportion  of  dried  skim  milk  was  in- 
creased. This  has  been  explained  by  Good- 
win &  Martin  (1925)  and  by  Thatcher  & 
Streeter  (1924)  as  due  to  the  retention  of 
hydrogen  sulfide  by  the  casein  in  solution. 
The  continued  increase  of  soluble  arsenic 
in  solution  on  addition  of  larger  quanti- 
ties may  be  explained  by  assuming  that 
the  arsenic  acid  formed  in  the  reaction 
will  further  react  upon  the  lime  sulfur 
solution,  causing  the  release  of  more  hy- 
drogen sulfide. 

Quadruple  Mixtures  Containing 
Lime  Sulfur,  Lead  Arsenate,  Lime 
AND  Dried  Skim  Milk.— Table  8  shows 
the  analyses  of  mixtures  containing  vari- 
ous quantities  of  lime  and  dried  skim  milk 
when  added  to  a  standard  preparation  of 
lime  sulfur,  diluted  1-50,  and  lead  arse- 
nate in  the  proportion  of  3  pounds  in  100 
gallons  of  solution.  All  of  the  mixtures 
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were  prepared  according  to  the  standard 
procedure  and  the  solid  materials  added 
in  the  proportion  of  pounds  in  100  gallons 
as  indicated. 

The  addition  of  dried  skim  milk  to  the 
mixture  containing  8  ounces  of  lime  re- 
duced the  sulfide  content  of  the  solution. 
As  the  proportions  were  increased  through 
1,  2  and  3  pounds,  the  sulfide  sulfur  in  the 
mixture  continued  to  decrease,   with   a 
total  loss  in  percentage  of  approximately 
12    per   cent.   The   mixtures   contaming 
equivalent  quantities  of  lime  and  dried 
skim    milk    showed    the    best    retentive 
power  in  respect  to  the  sulfide  sulfur  m 
solution.  The  protective  action  of  the  lime 
in  the  prevention  of  the  formation  of  solu- 
ble arsenic  was  retarded  by  the  addition 
of  dried  skim  milk,  and  the  soluble  ar- 
senic found  in  the  8-34-3*  mixture  was 
similar  to  that  found  in  the  double  mix- 
ture of  lime  sulfur  and  lead  arsenate.  The 
molecular  ratio  of  sulfur  to  calcium,  indi- 
cating the  condition  of  the  polysulfides  in 
the  solution,  was  increased  as  the  propor- 
tion of  dried  skim  milk  was  increased  in 
the  mixture. 

Similar  results  were  shown  in  analyses 
of  mixtures  containing  various  propor- 
tions of  skim  milk  in  the  dry  form  to  the 
mixture  of  lime  sulfur,  lead  arsenate  and  1 
pound  of  lime.  However,  the  addition  of 
8  ounces  of  skim  milk  powder  was  less 
effective  in  this  mixture  than  1  pound. 
Mixtures  containing  2  and  3  pounds  of 
dried  skim  milk  to  1  pound  of  lime  showed 
a  decrease  in  the  sulfide  concentration  be- 
low that  found  in  solutions  made  from 
mixtures  containing  equal  quantities  of 
lime  and  dried  skim  milk.  The  protective 
influence  of  lime  with  respect  to  the  solu- 
ble arsenic  formed  in  the  mixtures  wa,s 
only  slightly  interfered  with  by  the  addi- 
tion of  dried  skim  milk  in  quantities  of 
8  ounces,  1,  2  and  3  pounds.  The  ratio  of 
sulfur  to  calcium  in  the  sulfide  form  as 
calculated  on  the  solutions  decreased  as 
the  quantities  of  dried  skim  milk  was  in- 
creased. .   . 

Analyses  of  the  mixtures  containing 
lime  sulfur,  lead  arsenate  and  2  pounds  of 
lime  with  varying  proportions  of  dried 
skim  milk  are  also  shown  in  table  8.  The 
results  with  this  series  of  mixtures  were 

«  In  the  proportions  used  here  and  subsequently  throughout 
this  paper,  the  first  figure  represents  quarts  of  hme  sulfur  con- 


similar  to  those  of  the  previous  experi- 
ments, with  the  exception  that  the  addi- 
tion of  dried  skim  milk  in  proportions  of 
8  ounces,  1  and  2  pounds  increased  the  re- 
tention of  the  sulfide  concentration  of  the 
mixtures  with  the  8-3-2-2  mixture,  show- 
ing the  maximum  retention  of  the  sulfide 
concentration.  The  mixtures  containing  3 
pounds  of  dried  skim  milk  showed  a  de- 
crease in  the  sulfide  percentage  when  com- 
pared to  8-3-2-2  mixture. 

The  mixtures  prepared  with  3  pounds 
of  lime  and  varying  quantities  of  dried 
skim  milk  (table  8)  showed  a  continuous 
increase  in  the  percentage  of  sulfide  sulfur 
in  solution  as  the  amount  of  dried  skim 
milk  was  increased  in  the  proportion  of 
8  ounces,  1,  2  and  3  pounds  with  the 
8-3-3-3  mixture  showing  the  maximum 
retention  of  the  sulfide  concentration. 

Table  9. — Percentage  sulfide  concentration  in 
triple  and  quadruple  mixtures  containing  lime 
sulfur,  diluted  1-50,  three  pounds  of  lead  arse- 
nate and  various  proportions  of  lime  and  dried 
skim  milk  in  100  gallons  of  solution.  Calculations 
are  based  on  the  total  sulfur  added  to  the  solu- 
tion. Lime  sulfur  solution,  diluted  1-50,  showed  a 
sulfide  concentration  of  93.87  per  cent. 
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Pounds 

Pounds  Dried  Skim  Milk 

Lime 

C 

) 

i 

r 

1 

^ 

S 

1 

a 

» 

0 

70. 

25 

72. 

09 

73. 

73 

73. 

90 

74. 

46 

1 

88. 

18 

87. 

25 

82. 

32 

80. 

14 

76. 

22 

80 

01 

83. 

04 

86 

89 

84 

86 

81 

75 

8 

77 

56 

80 

36 

82 

08 

86 

.72 

83 

42 

S 

76 

.04 

78 

.67 

80 

.28 

85 

.57 

86 

.40 

centrate;  the  second,  pounds  of  lead  arsenate;  the  third,  pounds 
of  slaked  lime;  and  the  fourth,  pounds  of  dried  skira  — "-•  "" 
figures  are  on  the  basis  of  100  gallons  of  spray  mixture 


Table  9  indicates  the  sulfide  concentra- 
tion found  in  the  various  quadruple  mix- 
tures, calculated  on  the  basis  of  the  total 
sulfur  added  to  the  solution  as  lime  sulfur 
solution  at  a  dilution  of  1-50.  Since  the 
total  sulfur  in  the   mixtures  containing 
lime  sulfur  and  lead   arsenate  and  the 
triple   mixtures   containing   lime   sulfur, 
lead  arsenate  and  dried  skim  milk  was  re- 
duced by  precipitation  of  sulfur  froni  the 
solution,  the  sulfide  concentration  as  indi- 
cated in  table  9  for  these  mixtures  is  less 
than  those  calculated  in  tables  3  and  7. 

On  the  basis  of  the  sulfide  concentration 
of  the  solution,  a  mixture  of  the  propor- 
tion of  8-3-1-3  was  just  as  effective  as  a 
mixture  containing  the  components  in 
proportion  of  8-3-3-1.  However,  the 
former  mixture  indicated  a  greater  ratio 
of  sulfide  to  sulfide  calcium  in  the  solu- 
tion.  If,   for  other  considerations,   it  is 


I 


^  J  ^'■ 


desirable  to  add  dried  skim  milk  powder, 
from  the  analyses  it  appeared  that  the 
proportion  of  8-3-|-J  was  the  best  from 
the  point  of  view  of  the  retention  of  the 
sulfide  concentration,  the  lowering  of  the 
amount  of  soluble  arsenic  in  sohition  and 
prevention  of  formation  of  large  quanti- 
ties of  residue  precipitated  from  the  quad- 
ruple mixtures.  However,  the  proportion 
8-3-3-3  produced  a  relatively  small 
amount  of  soluble  arsenic  with  a  rela- 
tively large  amount  of  sulfide  sulfur. 

Comparison  of  Various  Combina- 
tions.— To  facilitate  comparison,  the  va- 
rious combinations  investigated  in  this 
study  have  been  arranged  in  the  form  of 
two  charts  (figs.  3  and  4),  in  which  the 
amounts  of  polysulfide  sulfur  (as  per  cent 
of  the  total  sulfur  present)  and  the  soluble 
arsenic  (as  grams  per  100  gallons  of  spray 
mixture)  are  shown. 

PER     CENT     SULFIDE     SULFUR 
5     10    15    20   25   30   35  40  45   50   55    60   65   70    75   60   85   90   95 


0      ,       2      3      4      5      6      7      6      9      10     11      12     13     14    15     16     17     18     19 

GRAMS    SOLUBLE   As,0,  PER  100    GALLONS  OF    MIXTURE 

^  SULFIDE   SULFUR  Ea    SOLUBLE    AS.O, 

PiQ  3._Sulfide  sulfur  and  soluble  AS2O5  in  various 
mixtures.  The  first  digit  in  the  left  column  repre- 
sents quarts  of  lime  sulfur  concentrate;  the  second, 
pounds  of  lead  arsenate;  the  third,  pounds  of  slaked 
line;  and  the  fourth,  pounds  of  dried  skim  milk; 
all  figures  are  on  the  basis  of  100  gallons  of  spray 

mixture. 

In  considering  the  data  presented  in 
these  figures,  it  is  interesting  to  note  that 
Swingle  (1929)  found  that  a  concentration 
of  AS2O5  in  a  spray  mixture  equivalent  to 
approximately  4.5  grams  (0.0012  per 
cent)  per  100  gallons  did  not  injure  peach 
foliage,  but  that  5.7  grams  (0.0015  per 
cent)  of  AS2O6  per   100  gallons  caused 


slight  leaf  burning  on  peach  foliage.  The 
apple  is  considered  more  resistant  to  ar- 
senical injury  than  the  peach,  so  presuma- 
bly the  limits  would  be  higher  for  this 

fruit. 

It  should  be  pointed  out  that  in  the 
quadruple  mixtures,  which  are  shown  in 
the  last  four  groups  of  fig.  4,  the  general 
effect  on  the  percentage  of  polysulfide  sul- 
fur of  the  various  proportions  seemed  to 
be  rather  slight,  with  variations  only  from 


PER     CENT     SULFIDE      SULFUR 
O      5     10     15    20   25    30    35   40   45    50    55    60    65    70    75    60    65    90    95 


3      4      5      6      7      8      9      K)      II     12     13     14     15     16     17     18     19 
GRAMS    SOLUBLE    AS.O,  PER  100  GALLONS 
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Fig.  4.— Sul6de  sulfur  and  soluble  AsjOs  in  various 
mixtures.  The  first  digit  in  the  left  column  repre- 
sents quarts  of  lime  sulfur  concentrate;  the  second, 
pounds  of  lead  arsenate;  the  third,  pounds  of  slaked 
lime;  and  the  fourth,  pounds  of  skim  milk;  all  figures 
are  on  the  basis  of  100  gallons  of  spray  mixture. 

87.5  to  77.0  per  cent,  although  the  con- 
sistent difl'erences  within  each  group  are 
to  be  noted.  The  maximum  amounts 
found  are  the  same  within  the  experi- 
mental error,  and  appeared  in  mixtures 
with  the  proportions  8-3-^-^;  8-3-1-1; 
8-3-2-2  and  8-3-3-3.  These  are  the  mix- 
tures in  which  the  lime  and  skim  milk 
powder  were  in  equivalent  amounts.  The 
soluble  arsenic,  on  the  other  hand,  showed 
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rather    wide    variations,    the    minimum 
amounts    (within   the  limits   of  the   ex- 
perimental error)  being  found  in  the  mix- 
tures with  the  proportions  8-3-3-^ ;  8-3- 
3-1;  8-3-3-2  and  8-3-3-3.  The  difference 
between  the  amounts  of  soluble  arsenic  in 
these  mixtures   and   that   found   in  the 
8-3-^-^  combination  is  slight,  and  proba- 
bly not  significant  from  a  practical  stand- 
point when  such  mixtures  are  used  on 
apple  trees.  This  is  of  considerable  prac- 
tical importance  when  the  cost  of  ma- 
terials is  to  be  considered. 

Conclusions. — Over  a  one  hour  period, 
lime  sulfur  solution  was  stable  toward  oxi- 
dation in  solutions  more  concentrated 
than  1-100.  The  solutions  contained  quan- 
tities of  soluble  sulfur,  the  amount  of 
which  depended  upon  the  dilution  of  the 
concentrate. 

A  period  of  45  hours  was  necessary  for 
the  decomposition  of  the  sulfide  sulfur  in 
a  lime  sulfur  solution  diluted  1-50.  Thio- 
sulfates  and  sulfur  as  the  sulfate  were 
formed  in  solution  as  the  sulfide  disap- 
Tif^jireci 

Distilled  water  used  as  the  diluent  gave 
the  most  consistent  results  on  analysis  of 
the  lime  sulfur  solution,  but  in  general 
any  of  the  waters  tested  may  be  used  for 
dilution  without  change  in  the  soluble  sul- 
fur in  solution. 

Decomposition  of  lime  sulfur  by  the  ad- 
dition of  lead  arsenate  was  found  to  be 
greater  in  the  dilute  mixtures  than  in  the 
concentrated.  In  solutions  more  concen- 
trated than  1-50,  the  decomposition  ap- 
peared to  be  a  constant  quantity. 

The  effect  of  a  change  in  temperature 
upon  the  decomposition  of  lime  sulfur  by 
lead  arsenate  appeared  to  be  only  as  an 
alteration  of  the  rate  of  decomposition. 

Arsenic  appeared  to  be  rendered  soluble 
in  the  solution;  the  amount  of  which  was 
relative  to  the  quantity  of  hydrogen  sul- 
fide evolved  from  the  solution. 

Lime  added  to  mixtures  of  lime  sulfur 
and  lead  arsenate  prevented  the  decom- 
position of  the  sulfide  sulfur  of  the  solu- 
tion. The  arsenic  in  solution  was  decreased 
as  the  proportion  of  lime  was  increased. 


Residues  resulting  from  the  addition  of  1 
pound  of  lime  to  the  diluted  mixtures  of 
lime  sulfur  and  lead  arsenate  between  the 
range  of  1-20  and  1-100  were  constant. 
The  reduction  in  weight  of  the  residue  ap- 
proximated the  weight  of  lead  sulfide 
present  in  residues  from  mixtures  of  simi- 
lar dilution  containing  lime  sulfur  and 
lead  arsenate. 

Progressive  increase  in  the  proportion 
of  lime  added  to  a  1-50  dilution  of  lime 
sulfur  and  lead  arsenate  showed  a  varied 
effect  upon  the  percentage  of  sulfide  sulfur 
in  solution.  When  8  ounces  of  lime  were 
added,  a  protection  from  decomposition 
of  the  sulfide  resulted  which  was  not 
equaled  by  any  quantity  used  until  9 
pounds  of  lime  were  added.  The  condition 
of  the  sulfides  with  respect  to  calcium  in 
combination  in  solution  was  decreased  as 
lime  was  added  to  the  mixture. 

Dried  skim  milk  in  combination  with 
the  lime  sulfur  and  lead  arsenate  aided  in 
the  retention  of  the  sulfide  sulfur  content 
of  the  solution.  The  retardation  of  the  de- 
composition was  not  as  great  as  that  af- 
forded by  lime.  Soluble  arsenic  was 
formed  in  the  solution  in  quantities 
greater  than  those  found  in  solutions 
from  lime  sulfur  and  lead  arsenate  mix- 

tures. 

Quadruple  mixtures  containing  lime 
sulfur,  lead  arsenate,  lime  and  skim  milk 
in  the  dry  form  in  proportions  of  8  ounces, 
1,  2  and  3  pounds  in  100  gallons  of  solu- 
tion showed  a  protection  from  decomposi- 
tion of  the  sulfides,  the  amount  of  which 
depended  upon  the  proportion  of  lirae  and 
dried  skim  milk  that  was  present  in  the 

A  compilation  of  the  percentages  of 
sulfide  sulfur  found  to  be  present  in  the 
solutions  from  the  quadruple  mixtures  in- 
dicates that  mixtures  containing  equiva- 
lent quantities  of  both  lime  and  dried 
skim  milk  will  give  the  greatest  protection 
to  the  lime  sulfur  from  decomposition  by 
lead  arsenate.  The  percentage  of  sulfide 
sulfur,  however,  did  not  attain  the  values 
found  in  solutions  of  lime  sulfur  at  the 
same  concentration. — 3-18-38. 
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Storage  of  Vitamin  D  in  the  Tissues  of  Growing  Calves.* 

N.  B.  GuERRANT,  R.  A.  MoRCK,  S.  I.  Bechdel  and  N.  W. 

HiLSTON. 

From  the  Departments  of  Agricultural  Biochemistry  arid  Dairy  Hushandry,  The 

Pennsylvania  State  College,  State  College,  Pa. 

Numerous  researches  have  been  conducted  with  the  view  of  de- 
termining the  influence  of  varying  intakes  of  vitamin  D  on  the  anti- 
rachitic potency  of  milk  and  eggs.  Very  few  data  are  available,  how- 
ever, relative  to  the  influence  of  vitamin  D  intake  on  the  storage  of 
this  vitamin  in  the  body  tissues  of  various  types  of  animals. 

Metz  and  Coppens^  have  reported  that  some  of  the  parenchyma- 
tous tissues  from  dogs  contain  considerable  quantities  of  vitamin 
D.  DeVaney  and  MunselP  have  reported  on  the  vitamin  D  content 
of  ox,  lamb,  swine  and  calf  livers,  as  purchased  on  the  open  market. 
Heymann^  investigated  the  storage  of  vitamin  D  in  various  tissues 
of  the  rabbit,  as  resulting  from  feeding  definite  unitage  of  this  vita- 
min in  the  form  of  viosterol  in  oil.  According  to  this  investigator, 
the  amount  of  vitamin  D  storage  was  relatively  small  in  all  cases, 
the  greatest  storage  being  in  the  liver  and  in  the  blood,  respectively. 

It  is  highly  probable  that  the  lack  of  data  concerning  the  ability 
of  the  larger  animals  to  store  vitamin  D  in  their  tissues  is  due  to 
the  amount  of  time  and  expense  involved  in  carrying  out  any  such 
investigations.  Investigations  of  this  type  necessarily  require  an 
accurate  measure  of  the  total  vitamin  D  intake  of  the  particular 

♦  Authorized  for  publication  on  May  23,  1938,  as  paper  No.  839  in  the  Journal 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 

1  Metz,  G.  A.,  and  Goppens,  Ph.  A.,  Nederland.  Tijdschr.  v.  Geneesk.,  1934,  78, 

769. 

2  DeVaney,  G.  M.,  and  Munsell,  H.  E.,  J.  Home  Ec.,  1935,  27,  240. 
8  Heymann,  Walter,  J.  Biol.  Chem.,  1937,  118,  371. 
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i  Vitamin  D  in  Calf  Tissues 

animal  while  being  maintained  under  <=^^^^fy^^''''f'^':'^^^ 
during  a  reasonable  period  previous  to  the  time  of  slaughtering. 
Fortunately,  in  the  investigation  herein  reported,  an  unusul  oppo- 
tunVty  for  carrying  out  an  investigation  of  this  type  presented  itself 
wSthe  Depa'r tm^ent  of  Dairy  Husbandry  completed  so-  expen- 
ments  which  had  been  designed  to  determine  the  vitamm  D  requi  e- 
ment  of  growing  calves/    During  the  above  investi^tions  a  careful 
"Srd  ha'd  beenlept  of  the  total  vitamin  D  ■^^^^?^f^l^^;^^^S 
in  bodv-weight  of  young  calves  from  2  weeks  to  7  months  of  age. 
Wh^n  thTabove  anLals^ere  slaughtered  at  the  end  of  the  investi- 
cation  the  tissues  for  the  following  studies  were  obtained. 
^E^rLntal.    The  calves  from  which  the  tvssues  "sed  in  these 
studies  were  taken  were  of  the  Holstein  breed  and  were  approx  "^^te^ 
ly  2  weeks  of  age  when  placed  on  experiment.  These  animals  we^e 
maintained  at  all  times  in  individual  stalls  in  a  f^^^^^.'^^Jtf^ 
calf  was  fed  a  diet  consisting  of  a  mixture  of  ground  grains  and 
sk  m  r^  Ik  powder  and,  in  addition,  received  some  roughage  either 
n  tltrm'^f  night  harvested  dehydrated  alfalfa  hay  or  bee^p^^ 
The  various  ingredients  of  the  diet  were  so  chosen  as  to  fonn^kte 

:  mixture  as  low  as  possible  in  vitamin  D  but  <^7.P^tVtotdori 
known  dietary  respects.    Each  ingredient  was  subjected  to  biologi- 
S Tssay  for  its  vhamin  D  content  previous  to  being  incorporated 

'"'in  adiS'to  this  vitamin  D-def^cie„t  basal  diet,  each  calf,  ex- 
cept  those  retained  as  negative  controls,  received  --f  ^ly  m^sur^d 
Quantities  of  vitamin  D  as  a  dietary  supplement.  Some  of  the 
jrivesTe^eived  the  vitamin  supplement  in  the  form  of  a  cod  liver 
S  concSitrate  while  other  calves  received  the  supplement  m  the 

form  of  irradiated  yeast.  ^  r   i 

The  length  of  time  during  which  vitamin  D  supplements  were  f«i 
before  the  animals  were  slaughtered  varied  somewhat  with  the  dif- 
XLnt  animals,  ranging  from  164  to  210  days.  At  the  -d^^^^^ 
periods  the  various  animals  were  slaughtered  in  the  usual  manner 
and  the  desired  samples  taken  for  assay. 

In  preparing  the  samples  for  assay,  the  various  tissues  were  taken 
fromV  animal  body  (in  whole)  as  soon  as  possible  freed  of  con- 
nXl  tissue,  weight,  macerated  by  passing  ^J^^^^^^^^^X 
™>r  immediatelv  frozen  and  stored  in  this  condition  until  ready  tor 
Ts  '  rth  preparation  of  blood  samples,  an  indefinite  volume  of 
the' fluid  (about  1000  ml)  was  collected  in  an  oxalated  glass  con- 
laLr  and  stored  at  a  low  temperature  until  reduced  to  a  suitable 
state  for  the  feeding  tests. 

7i^;;^^:^ch'Bumif^^,  Pennsylvania  Agr.  Eip.  Station. 
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Vitamin  D  in  Calf  Tissues 

From  calves  selected  from  the  first  series  of  studies,  the  liver, 
heart,  brain,  kidneys  and  a  part  of  the  blood  were  retained  for  bio- 
logical assay.  At  first,  all  of  the  above  tissues  except  the  blood  were 
fed  in  the  original  state  in  sufficiently  small  daily  portions  to  insure 
complete  consumption.  However,  it  was  soon  found  to  be  impos- 
sible for  the  test  animals  to  consume  sufficient  quantities  of  the 
fresh  tissues  to  bring  about  a  satisfactory  antirachitic  response. 
It  was  necessary,  therefore,  to  desiccate  these  tissues  in  order  to 
overcome  this  difficulty.  Even  after  dehydrating  the  tissues,  it  was 
still  impossible  to  make  an  accurate  determination  of  the  antirachitic 
value  of  brain,  heart  and  kidneys  because  of  the  inadequate  con- 
sumption of  these  tissues  by  the  test  animals.  Therefore,  from  those 
calves  selected  from  the  second  series  of  experiments,  only  the  blood 
and  liver  were  retained  for  biological  assay. 

In  order  to  obtain  the  vitamin  D  from  the  blood  and  to  preserve 
it  in  a  suitable  state  for  the  feeding  tests,  a  fat  extraction  according 
to  the  Rose-Gottlieb  procedure  was  made  and  the  combined  ether 
extracts  were  reduced  to  a  definite  volume,  which  was  proportional 
to  the  volume  of  the  original  blood  used. 

All  biological  assays  were  carried  out  according  to  the  U.  S.  P. 
technic^  (1936)  of  assaying  for  vitamin  D. 

The  data  obtained  as  the  result  of  determining  the  antirachitic 
potency  of  the  bloods  and  livers  from  the  various  calves  are  given 
in  Table  I. 

The  data  presented  in  the  table  readily  disclose  the  lack  of  effi- 
cient storage  of  vitamin  D  in  certain  tissues  of  the  calf.  In  fact, 
variations  in  the  daily  vitamin  D  intake  of  as  much  as  twenty-two- 
fold resulted  in  only  a  threefold  variation  in  the  antirachitic  potency 
of  the  bloods  and  a  twofold  variation  in  the  antirachitic  potency  of 
the  livers  of  the  respective  calves. 

While  a  definite  relationship  between  the  vitamin  D  intake  of 
the  various  calves  and  the  amount  of  this  substance  found  in  the 
blood  and  in  the  liver  of  the  respective  calves  does  not  appear  to 
exist,  the  data  obtained  do  indicate  that,  in  most  cases,  those  animals 
which  received  the  greatest  daily  intake  of  vitamin  D  also  stored  the 
greatest  amount  of  the  antirachitic  substance  in  their  tissues.  How- 
ever, there  appeared  to  be  some  exceptions  to  this  generalization.  In 
fact,  those  animals  which  were  selected  from  the  first  series  of  ex- 
periments (Calves  Nos.  367,  369,  381,  383,  and  384)  appear  to  have 
stored  a  lower  percentage  of  the  vitamin  D  in  their  tissues  than  did 
animals  of  the  second  series  (Calves  Nos.  409,  410,  411,  416,  419, 
421,  and  424).    A  possible  explanation  for  this  apparent  difference 

c  U,  S,  Pharmacopoeia,  Eleventh  Decennial  Revision,  1936,  p.  482. 
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Vitamin  D  in  Calf  Tissues 

in  the  ability  of  the  2  groups  of  calves  to  store  vitamin  D  in  their 
tissues  may  be  that  the  2  groups  of  calves  were  born  in  slightly 
different  seasons  of  the  year.  Those  calves  comprising  the  first 
series  were  bom  in  late  November,  while  those  of  the  second  series 
were  born  during  the  first  half  of  September.  If  this  difference  in 
time  of  birth  accounts  for  the  variations  in  the  response  of  the  2 
groups  of  calves,  it  is  possible  that  such  a  variation  was  due  to  a 
combination  of  the  prenatal  effect  of  the  antirachitic  condition  of  the 
cow  on  its  offspring  and  to  differences  in  the  antirachitic  potency 
of  the  liquid  milk  which  the  respective  calves  received  during  the 
first  2  weeks  of  life.  As  a  whole,  those  calves  comprising  the  sec- 
ond series  received  a  lower  intake  of  vitamin  D  during  the  experi- 
mental period  than  did  those  of  the  first  series  and,  in  turn,  were 
able  to  store  a  larger  percentage  of  this  substance. 

The  2  sources  of  vitamin  D  used  in  these  investigations  appear 
to  be  equally  effective  so  far  as  storage  of  the  antirachitic  potency  in 
the  blood  and  in  the  liver  of  the  calf  is  concerned. 

An  interesting  point  to  be  observed  from  the  above  data  is  the 
comparatively  uniform  concentration  of  vitamin  D  in  the  blood  and 
liver  of  the  calf.  In  fact,  in  the  young  of  this  species  it  appears 
that  the  liver  is  not  an  important  storage  organ  for  vitamin  D.  It 
seems,  therefore,  that  unless  there  are  other  tissues  of  the  calf 
which  serve  as  more  efficient  storage  organs  for  vitamin  D  than  the 
liver  or  the  blood,  the  ability  of  the  calf  to  store  vitamin  D  is  rather 
limited.  These  data  also  indicate  that  the  calf  should  be  relatively 
susceptible  to  rickets  if  it  were  maintained  for  any  extended  period 
of  time  on  a  diet  comparatively  low  in  vitamin  D  and  without  ac- 
cess to  ultraviolet  radiation.  However,  serious  outbreaks  of  rickets 
among  calves  maintained  on  the  usual  high  grade  rations  have  not 
been  reported  and  in  all  probability  have  not  been  observed  because 
of  the  appreciable  antirachitic  content  of  the  sun-cured  hays,  rough- 
age, and  other  constituents  comprising  a  diet  of  this  type. 

Summary,  A  study  was  made  of  the  effect  of  feeding  young 
calves  definite  quantities  of  vitamin  D,  in  the  form  of  cod  liver  oil 
concentrate  or  irradiated  yeast  for  periods  of  time  ranging  from  164 
to  210  days,  on  the  resultant  storage  of  this  substance  in  the  blood 
and  in  the  liver  of  the  animal.  From  the  data  obtained  in  this  study, 
it  is  concluded  that  only  a  relatively  small  percent  of  the  antirachitic 
intake  of  the  calf  is  stored  in  the  blood  and  in  the  liver.  The  con- 
centration of  the  antirachitic  factor  per  unit  weight  was  found  to 
be  approximately  equal  in  the  2  tissues  studied.  Natural  vitamin  D 
as  found  in  cod  liver  oil  and  activated  ergosterol  as  found  in  irra- 
diated yeast  seem  to  be  stored  at  about  the  same  degree  of  efficiency. 
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The  Biological  Standardisation  of  the  Vitamins.  By 
Katharine  H.  Coward,  D.Sc.,  Reader  in  Biochemistry, 
University  of  London.  William  Wood  and  Company, 
Mt.  Royal  and  Guilford  Avenues,  Baltimore,  Maryland, 
1938.  viii  -f  227  pp.  44  figs.  15  X  22.5  cm.  Price, 
$4.50. 

The  author,  who  is  Head  of  the  Nutrition  Department 
of  the  Pharmaceutical  Society  of  Great  Britain,  is  a  recog- 
nized authority  on  methods  of  vitamin  assay.  It  is  fit- 
ting, therefore,  that  the  first  book  to  be  published  in 
English  covering  all  essential  details  of  biological  determi- 
nations of  vitamins,  should  come  from  the  pen  of  one  who 
has  contributed  so  much  to  the  establishment  of  our  pre- 
sent international  standards  of  vitamin  unitage. 

As  the  title  suggests,  the  book  is  devoted  exclusively  to 
questions  involving  the  quantitative  accuracy  of  vitamin 
assays.  She  has  confined  her  discussion  to  those  vitamins 
(A,  Bi,  C  and  D)  the  methods  for  which  have  been  stand- 
ardized and  which  have  received  the  approval  of  the 
International  Vitamin  Standards  Committee  of  the  League 
of  Nations. 

The  book  is  divided  into  two  parts.  Part  I  is  devoted  to 
practical  phases  of  vitamin  work  and  may  be  used  without 
reference  to  Part  II.  The  latter  has  to  do  with  the  bio- 
metrical  phases  of  vitamin  work  and  emphasizes  the  value 
of  statistical  treatment  of  assay  data. 

Part  I  contains  seven  chapters  dealing  with  such  topics 
as  "General  Principles  which  Govern  the  Biological 
Methods  for  the  Determination  of  the  Vitamins,"  "Ani- 
mals Suitable  for  the  Determination  of  Vitamins  by 
Biological  Methods,"  "The  Determination  of  Vitamin  A, 
Bi,  C  and  D"  (one  chapter  devoted  to  each  vitamin)  and 
"The  Interdependence  of  the  Vitamins." 

Each  chapter  which  deals  with  the  determination  of  a 
vitamin  is  preceded  by  an  outline  of  the  material  which  is 
to  be  discussed.  The  following  outline  of  Chapter  III, 
"The  Determination  of  Vitamin  A,"  is  typical  of  the  plan 
and  treatment  followed  m  discussing  vitamin  assay  prob- 
lems: 


t' 


1.  The  International  Standard  of  Reference  and  Unit  of 

Vitamin  A  Activity. 

A.  The  dilution  of  the  standard  of  reference  for  dos- 
ing. 

B.  The  need  for  a  simultaneous  test  of  the  Standard 
whenever  a  determination  of  vitamin  A  is  made. 

C.  The  general  arrangement  of  the  test  for  a  deter- 
mination of  the  vitamin  A  potency  of  a  substance 
in  terms  of  the  International  Standard. 

2.  The  Preparation  of  Rats  for  Vitamin  A  Determina- 

tions. 

A.  Animals  suitable  for  the  test. 

B.  Housing  of  the  animals. 

C.  Vitamin  A-free  diet. 

3.  Criteria  for  the  Measurement  of  the  Response  of  Rats 

to  Doses  of  Vitamin  A. 

A.  Increase  in  weight. 

B.  Occurrence  of  xerophthalmia. 

C.  Changes  in  the  vaginal  contents. 

D.  Comparison  between  prophylactic  and  curative 
methods. 

E.  Comparison  between  (a)  the  "increase  in  weight" 
method,  (b)  the  "xerophthalmia"  method  and  (c) 
the  "vaginal  contents"  method. 

4.  Physical  Properties  of  Vitamin  A  by  means  of  which  it 

may  be  Measured. 

5.  References. 

Part  II  consists  of  five  chapters  dealing  with  "The 
Standard  Deviation"  and  "The  Accuracy  Obtainable  in 
Determinations  of  Vitamin  A,  Bi.  C  and  D."  An  appendix 
consisting  of  ten  pages  contains  a  report  of  the  Second 
International  Conference  on  Biological  Standardisation 
and  a  table  of  Vitamin  Content  of  Some  Common  Foods, 
expressed  in  International  Units. 

The  author  shows  remarkable  familiarity  with  the 
various  methods  and  laboratory  practices  prevailing  in  the 
best  European  and  American  laboratories.  Even  the  ex- 
perienced worker  will  find  Part  I  (practical)  of  great  value 
and  it  is  the  reviewer's  opinion  that  every  vitamin  assay 
laboratory  should  have  the  book  available,  since  Dr. 
Coward  has  brought  together  material  which  is  widely 
scattered  in  the  literature. 

Part  II,  however,  contains  information  that  is  even  less 
readily  available  than  that  referred  to  in  Part  I.  Further- 
more, most  workers  are  not  familiar  with  the  use  of  sta- 
tistical methods.  Dr.  Coward  has  the  happy  faculty  of 
making  statistical  methods  usable  and  understandable  for 
the  average  worker. 

The  author  has  shown  excellent  judgment  in  her  choice 
of  photographs,  tables  and  charts  which  illustrate  the 
points  emphasized  in  the  text.  No  worker  in  vitamm  re- 
search can  afford  to  be  without  this  very  useful  book. 

R.  Adams  Dutcher 
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THE  RELATION  OF  PLANT  MATURITY  TO  THE  TYPE  OF  ORGANISMS 
PREDOMINANT  IN  PLANT  DECOMPOSITION^ 

D.  W.  McKinstry,  D.  E.  Haley,  and  J.  J.  Reid^ 


That  the  growing  plant  harbors  a  large 
population  of  microorganisms  has  long  been 
recognized.  More  than  forty  years  ago  the 
concept  of  bacterial  epiphytes  was  advanced 
and  received  much  attention.   Possible  re- 
lationship of  this  flora  to  bacterial  plant 
pathogens  was  advanced  by  certain  workers  but 
vigorously  denied  by  specialists  in  the  field 
of  plant  pathology.   Relationship  of  the  flora 
of  the  living  plant  to  that  of  the  decomposing 
plant  proved  of  interest  to  a  few  investiga- 
tors during  the  past  half  century. 

Our  knowledge  of  this  subject  today 
may  be  summarized  briefly.   Plants  support  a 
flora  consisting  largely  of  Gram-negative 
rods,  the  types  of  which  are  limited  in  num- 
ber.  Aerobic  spore-forming  bacteria,  micro- 
cocci and  fungi  are  ordinarily  present  in  rel- 
atively small  numbers  in  comparison  with  the 
population  of  Gram-negative  rods.   Possible  re- 
lationship of  the  Gram-negative  rods  to  bacte- 
rial plant  pathogens  is  still  unknown.   The 
relative  importance  of  Gram-negative  rods  and 
aerobic  spore-formers  in  the  initial  stages  of 
the  decomposition  of  plant  material  is  still  a 
matter  of  dispute. 

Some  of  the  major  problems  confronting 
the  growers  and  manufacturers  of  Pennsylvania 
cigar-leaf  tobacco  are  bacteriological  in  na- 
ture.  For  example,  the  bacterial  disease  com- 
monly known  as  "Wildfire"  is  serious  in  Penn- 
sylvania.  Unsatisfactory  fermentation  of  the 
cured  leaf  is  not  uncommon.   Spoilage  in  cur- 
ing shed  and  warehouse  is  discouraging  to 
grower  and  manufacturer  alike. 

In  an  effort  to  solve  some  of  these 
problems  it  seemed  advisable  to  make  a  study 
of  the  flora  of  the  tobacco  leaf  from  seed  bed 
to  manufacture  and  attempt  to  relate  the  ac- 
tivity of  microorganisms  to  the  chemical  com- 
position of  the  substrate— the  tobacco  leaf. 
This  brief  report  covers  that  part  of  the  pro- 
gram pertinent  to  the  relationship  of  plant 
maturity  to  microbial  activity. 

The  plant  material  used  in  this  study 


was  obtained  from  soil  fertility  plots  of  The 
Pennsylvania  State  College  and  the  United 
States  Department  of  Agriculture  located  in 
Lancaster  County,  Pennsylvania,  and  from 
growers  and  buyers  of  cigar-leaf  tobacco  in 
the  Lancaster  district.   The  samples  repre- 
sented cigar-leaf  tobacco  in  the  various 
stages  of  growth  from  seed-bed  to  harvest  and 
samples  from  curing  sheds  and  warehouses. 
Crops  produced  in  1957  and  1958  were  repre- 
sented.  In  addition,  supplementary  studies 
were  conducted  on  red  clover  grown  in  Centre 
County,  Pennsylvania. 

Methods  used  in  chemical  analysis  of 
the  samples  conformed  with  those  recommended 
for  plant  material  by  the  Association  of  Of- 
ficial Agricultural  Chemists. 

Plate  counts  of  bacteria  were  made  on 
standard  nutrient  agar  adjusted  to  pH  6.8  and 
replicates  were  incubated  at  20,  25,  and  57 
degrees  C.   Plate  counts  of  fungi  were  made 
on  glucose-peptone  agar  adjusted  to  pH  4.5 
and  incubated  at  room  temperature.   Crystal 
violet  was  used  at  times  in  dilutions  of 
1:200,000  in  attempts  to  inhibit  growth  of 
Gram-positive  organisms  on  nutrient  agar. 
Cultural  characteristics  of  isolations  were 
determined  in  the  usual  laboratory  manner. 
Bacteriological  data  presented  are  based  on 
more  than  7,000  isolations  from  cigar-leaf 
tobacco  and  a  number  from  other  sources. 

The  examination  of  tobacco  lea^ves 
from  seed-bed  and  field  has  revealed  much  of 
interest.   As  a  result  of  this  study  it  may 
be  assumed  that  the  normal  growing  leaf  har- 
bors upon  its  surface  a  flora  of  Gram-negative 
rods  ranging  from  ten  million  to  one  hundred 
million  per  gram  of  tissue,  dry  weight.   If 
classified  according  to  the  system  in  common 
use  in  this  country  these  forms  would  be 
listed  as  members  of  Flavobacterium,  Pseudo- 
monas  and  Aerobacter.   The  types  commonly 
found  in  abujidance  certainly  number  less  than 
half  a  dozen.   Physiologically  this  number 
might  well  be  reduced  to  three,  consisting  of 


,,,,,,,,,ed  for  publication  on  November  28,  1938,  as  paper  No.  866  in  the  Journal  Series  of  the  Pennsylvania 

Experiment  Station,  State  College,  Pa. 

^Graduate  Scholar,  Phytochemist  and  Soil  Bacteriologist,  respectively. 


180 


a  rather  inert  type,  an  acid  and  gas  producer 
upon  carbohydrate  media,  and  a  very  proteo- 
lytic form  which  also  ferments  a  few  carbo- 
hydrates with  the  production  of  gas.   The 
last  type  may  or  may  not  produce  a  green  sol- 
uble pigment;  the  two  former  may  or  may  not 
produce  a  yellow  pigment.   The  physiological 
resemblance  of  these  forms  to  some  of  the 
plant  pathogens  is  striking. 

Aerobic  spore-formers  were  found 
present  in  numbers  ranging  from  a  few  thou- 
sand to  several  hundred  thousand  per  gram  dry 
weight.   The  predominant  members  of  this 
group  were  identified  as  Bacillus  megatherium, 
Bacillus  oereus,  and  related  organisms. 

Micrococci  were  found  present  in  low- 
er numbers  than  the  spore-formers.  Both  pig- 
mented and  non-pigmented  forms  were  usually 

noted. 

The  technique  employed  in  determining 

molds  revealed  numbers  per  gram  of  from 

50,000  to  200,000.   The  genera  Penicillium, 

Aspergillus,  and  Fusarium  were  most  often 

seen. 

•  By  use  of  a  chamber  in  which  both 

temperature  and  relative  humidity  were  under 
control,  decomposition  of  the  green  leaf  was 
studied.  Plate  counts  were  made  and  colonies 
were  picked  during  the  progress  of  the  decom- 
position. Two  types  of  bacteria  were  always 
found  in  great  numbers,  the  gas  producer  and 
the  proteolytic  fluorescent  type  found  on  the 
normal  leaf.  Gram-positive  organisms  appar- 
ently played  little  if  any  part  in  the  proc- 
ess. 

A  study  of  the  flora  of  the  normal 

red  clover  leaf  showed  great  similarity  in 
numbers  and  forms  to  the  flora  of  the  green 
tobacco  leaf  and  decomposition  of  the  green 
leaf  was  similar  to  that  of  the  tobacco  leaf. 

The  flora  of  the  normal  green  tobacco 
leaf  having  been  established,  attention  was 
turned  to  an  attempt  to  ferment  cured  imma- 
ture leaves.   It  at  once  became  apparent  that 
samples  of  such  material  differed  markedly  in 
the  nature  of  the  fermentation  possible.   Im- 
mature leaves  harvested  early  in  the  season 
and  cured  during  the  warm  weather  of  late  sum- 
mer under  favorable  curing  conditions  were 
found  to  undergo  in  most  cases  the  Gram- 
positive  fermentation  of  normal  cigar-leaf 
tobacco.   On  the  other  hand,  immature  leaves 
harvested  late  in  the  season  and  cured  during 
the  cool  weather  of  fall  were  found  to  under- 
go a  Gram-negative  decomposition  in  which  the 
predominant  organisms  proved  to  be  those  of 
the  decomposing  green  leaf. 

Attempted  fermentation  of  rapidly 
desiccated  mature  leaves,  omitting  the  normal 
cure  of  the  leaf,  resulted  at  times  in  Gram- 


negative  decomposition,  at  times  in  normal 
Gram-positive  fermentation  and  at  times  in 
the  development  of  a  mixed  flora  and  an  un- 
satisfactory end  product. 

The  change  of  the  substrate  from  a 
type  favoring  the  activities  of  Gram-negative 
organisms  to  one  favoring  the  Gram-positive 
organisms  would  appear  to  depend  to  a  certain 
extent  upon  two  factors,  plant  maturity  and 
a  cure  involving  the  slow  death  of  the  plant 

cells  by  starvation. 

In  an  effort  to  relate  the  bacterial 
activity  to  chemical  composition  of  the  sub- 
strate a  number  of  analyses  were  made.   The 
chemical  data  obtained  may  be  summarized  in  a 
few  sentences.  Plant  tissue  that  favored  the 
development  of  Gram-negative  rods  in  fermenta- 
tion was  found  to  possess  a  significant  con- 
tent of  fermentable  carbohydrates,  particular- 
ly starch.   Such  tobacco  was  also  found  to 
have  a  relatively  low  content  of  fixed  organ- 
ic acids.   The  nitrogen  fraction  was  of  par- 
ticular interest  inasmuch  as  the  protein  con- 
tent was  relatively  high  and  the  amide  con- 
tent low. 

On  the  other  hand,  tobacco  that  per- 
mitted the  development  of  a  satisfactory  flora 
of  aerobic  spore-formers  and  micrococci  was 
found  to  have  an  insignificant  content  of 
fermentable  carbohydrate  material,  a  high  per- 
centage of  fixed  organic  acids  and  a  nitrogen 
distribution  essentially  different  from  that 
of  the  improperly  fermenting  tobacco.   In 
this  case  the  protein  content  was  lower  than 
in  the  case  of  green  tobacco  and  the  amide 
content  was  higher. 


Summary 

A  characteristic  flora  was  found  on 
the  leaves  of  growing  cigar-leaf  tobacco.  A 
similar  flora  was  found  on  red  clover. 

The  predominant  forms  found  upon  the 
growing  plant  were  Gram-negative  rods. 
Aerobic  spore-formers,  micrococci  and  fungi 
could  always  be  demonstrated  though  present 
in  relatively  small  numbers. 

Decomposition  of  green  tobacco  was 
found  to  be  associated  with  the  activities  of 
the  Gram-negative  rods. 

Immature  cigar-leaf  harvested  late  in 

the  season  was  found  to  be  g^^^^^^^^  '^^'*^'" 
terized  by  a  Gram  negative  ^^^^^P^f^^J^^,,;^. 
any  attempt  at  fermentation.   Immature  cigar 
leaf  harvested  early  in  the  season  and  cured 
during  the  late  summer  was  found  to  ordinari- 
ly develop  a  Gram-positive  flora  and  ferment 

satisfactorily.  „j  »»=  found 

Mature  leaf  improperly  cured  was  founa 
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to  develop  a  satisfactory  Gram-positive  flora 
in  some  cases,  and  a  Gram-negative  flora  in 

others. 

Both  maturity  and  cure  seem  important 

in  the  change  of  the  substrate  from  a  type 

favoring  the  development  of  Gram-negative 

rods  to  a  type  permitting  the  development  of 

Gram-positive  organisms. 


Soluble  carbohydrates  and  high  pro- 
tein content  were  found  to  be  associated  with 
Gram-negative  development. 

Absence  of  soluble  carbohydrates,  re- 
duced protein  content,  and  a  high  content  of 
fixed  acids  and  amides  were  chemical  charac- 
teristics found  associated  with  the  develop- 
ment of  a  Gram-positive  flora. 
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THE  EFFECT  OF  FERT! 
FLORA  FOUND  UPC 

I 
R.  G.  Harris,  } 


The  presence  of  large  numbers  c 
able  microorganisms  upon  a  fermentable 
strate  that  is  undergoing  decompositior 
ally  suggests  the  possibility  that  the! 
organisms  may  be  responsible  for  the  ci: 
cal  changes  taking  place.  Such  is  the' 
in  the  aging  of  flue-cured  tobacco,  th^ 
changes  in  which,  though  slow,  are  by  1 
very  nature  suggestive  of  bacterial  me1 
olism.  With  this  in  mind  the  flora  of i 
cured  tobacco  has  been  studied.       I 

A  preliminary  survey  showed  ths 
significant  number  of  microSrganisms  si 
vived  the  flue-curing  process  and  multj 
upon  the  tobacco  during  the  subsequent | 
age  period  on  the  farm.  The  types  four 
eluded  Gram-negative  rods,  micrococci, ! 
formers,  molds  and  yeast-like  organisms 
of  these  the  Gram-negative  rods  were  oi 
ily  present  in  greatest  numbers.      , 

The  types  of  Gram-negative  rods 
ent,  however,  were  found  to  vary  with  s 
received  from  various  sources  and  in  ar 
fort  to  account  for  this  arrangements  ^ 
made  to  receive  tobacco  produced  under 
fully  controlled  conditions  of  soil  fei 
ity.  A  study  of  these  samples  showed  t 
with  potash  the  only  variable  in  a  seri 
treatments  the  effect  upon  the  microflc 
the  leaf  was  surprisingly  great.  The  d 
obtained  in  this  study  are  presented  ir, 
paper. 


Materials  and  Technique 

The  chemical  and  bacter'iologica 
terminations  reported  were  made  upon  tc 
procured  from  the  Chatham  Substation  of 
Virginia  Agricultural  Experiment  Static 
through  the  courtesy  of  E.  M.  Matthews, 
samples  represented  flue-cured  tobacco  | 
duced  in  1957  on  plots  treated  with  thi 
pounds  of  nitrogen,  eighty  pounds  of  Pg 
and  with  varying  amounts  of  K2O  as  shom 
Table  1.  The  samples  represented  the  f 
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EFFECT  OF  FERTILIZE 
AND  YIELD  OF  TOB.; 

CHAT, 


Rela- 

Y 

tive 

Plot 

Qual- 

A- 

No. 

ity 

1 

poor 

2 

fair 

i 

3 

good 

1; 

4 

good 

1; 

5 

good 

1; 

6 

good 

1: 

7 

good 

1 

8 

fair 

1. 
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Comparing  t 
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to  develop  a  satisfactory  Gram-positive  flora 
in  some  cases,  and  a  Gram-negative  flora  in 

others.  ^  ^    a.  4. 

Both  maturity  and  cure  seem  important 

in  the  change  of  the  substrate  from  a  type 
favoring  the  development  of  Gram-negative 
rods  to  a  type  permitting  the  development  of 
Gram-positive  organisms. 


Soluble  carbohydrates  and  high  pro- 
tein content  were  found  to  be  associated  with 
Gram-negative  development. 

Absence  of  soluble  carbohydrates,  re- 
duced protein  content,  and  a  high  content  of 
fixed  acids  and  amides  were  chemical  charac- 
teristics found  associated  with  the  develop- 
ment of  a  Gram-positive  flora. 
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THE  EFFECT  OF  FERTILIZER  TREATMENT  UPON  THE  TYPE  OF 
FLORA  FOUND  UPON  DECOMPOSING  PLANT  TISSUES^ 

R.  G.  Harris,  D.  E.  Haley,  and  J.  J.  Reid^ 


The  presence  of  large  numbers  of  vi- 
able microorganisms  upon  a  fermentable  sub- 
strate that  is  imdergoing  decomposition  usu- 
ally suggests  the  possibility  that  the  micro- 
organisms may  be  responsible  for  the  chemi- 
cal changes  taking  place.   Such  is  the  case 
in  the  aging  of  flue-cured  tobacco,  the 
changes  in  which,  though  slow,  are  by  their 
very  nature  suggestive  of  bacterial  metab- 
olism. With  this  in  mind  the  flora  of  flue- 
cured  tobacco  has  been  studied. 

A  preliminary  survey  showed  that  a 
significant  number  of  microSrganisms  sur- 
vived the  flue-curing  process  and  multiplied 
upon  the  tobacco  during  the  subsequent  stor- 
age period  on  the  farm.  The  types  found  in- 
cluded Gram-negative  rods,  micrococci,  spore- 
formers,  molds  and  yeast-like  organisms,  but 
of  these  the  Gram-negative  rods  were  ordinar- 
ily present  in  greatest  numbers. 

The  types  of  Gram-negative  rods  pres- 
ent, however,  were  found  to  vary  with  samples 
received  from  various  sources  and  in  an  ef- 
fort to  occount  for  this  arrangements  were 
made  to  receive  tobacco  produced  under  care- 
fully controlled  conditions  of  soil  fertil- 
ity. A  study  of  these  samples  showed  that 
with  potash  the  only  variable  in  a  series  of 
treatments  the  effect  upon  the  microflora  of 
the  leaf  was  surprisingly  great.  The  data 
obtained  in  this  study  are  presented  in  this 
paper. 


Materials  and  Technique 

The  chemical  and  bacteriological  de- 
terminations reported  were  made  upon  tobacco 
procured  from  the  Chatham  Substation  of  the 
Virginia  Agricultural  Experiment  Station 
through  the  courtesy  of  E.  M.  Matthews,  The 
samples  represented  flue-cured  tobacco  pro- 
duced in  1957  on  plots  treated  with  thirty 
pounds  of  nitrogen,  eighty  pounds  of  PgOg 
and  with  varying  amounts  of  K2O  as  shown  in 
Table  1.  The  samples  represented  the  fifth 


Table  1* 

FERTILIZER  TREATMENTS  OF  THE   TOBACCO   PLOTS  AT 

THE  CHATHAM  SUBSTATION 


' 

Drilled  in 

Furrow  at 

Rate  of 

Side  Dressing 

Total  K2O 

Plot 

1000  Pounds 

of  K2O  after 

in 

No. 

per  Acre 

Planting 

Treatment 

lb. 

lb. 

1 

5-8-0 

0 

0 

e 

3-8-3 

0 

50 

3 

5-8-6 

0 

60 

4 

n 

30 

90 

5 

11 

60 

120 

6 

n 

100 

160 

7 

It 

140 

200 

8 

m 

240 

500 

*Data  presented  in  this  table  were  obtained  from 
E.  M.  Matthews,  superintendent  of  the  Chatham  Substa- 
tion of  the  Virginia  Agricultural  Experiment  Station. 

priming  and  consequently  were  not  representa- 
'tive  of  the  best  quality  produced  on  the 
plots.     On  the  other  hand,    the  effect  of  the 
various  treatments  upon  yield  and  quality  was 
pronounced  in  this  priming  as  in  the  others. 
Yields  and  crop  values,    through  the  courtesy 
of  Mr.   Matthews,   are  presented  in  Table  2. 
Samples  for  the  determinations  were  taken  at 
the  time  the   crop  was  marketed. 

Other   samples  from  which  supplementary 
information  has  been  obtained  were  received 
from  the  North  Carolina  Experiment  Station 
through  the  courtesy  of  E.   G.   Moss  and  from  a 
number  of  growers  in  the  flue-cured  district. 
The  samples  received  from  these  sources  were 
largely  from  the  1937  crop,   although  a  few 
from  the  1958  crop  have  been  included.     The 
co-operation  of  the  American  Potash  Institute 
made  possible  the  receipt  of   this  material. 

Methods  used  in  the   chemical  and  bac- 
teriological determinations  were  those  best 
adapted  to  plant  material  such  as   tobacco. 


lAuthorized  for  publication  on  November  28,   1938,  as  paper  No.   867  in  the  Journal  Series  of  the  Pennsylvania 
Experiment  Station,   State  College,  Pa. 

2Graduate  Scholar,  Phytochemist  and  Soil  Bacteriologist,  respectively. 
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THE  EFFECT  OF  FERTILIZER  TREATMENT  UPON  THE  TYPE  OF  FLORA 


Table  2* 


FFFECT   OF  FERTILIZER  TREATMENTS    UPON   QUALITY 
AND  YIELD  OF  TOBACCO   PRODUCED  ON   THE 

CHATHAM   PLOTS 


Table  3 

EFFECT  OF  FERTILIZER  TREATMENTS  UPON  THE  CHEMICAL  COM- 
POSITION OF  THE  TOBACCO  PRODUCED  ON  THE  CHATHAM  PLOTS 


1 

poor 

2 

fair 

3 

good 

4 

good 

5 

good 

6 

good 

7 

good 

8 

fair 

821 
977 

1229 
1155 
1019 
1248 
1194 
1038 


$176.03 
236.72 
333.74 
350.46 
275.58 
324.88 
282.86 
205.05 


2U 

24 

27 

30 

27 

26 

24 

20 


*Data  presented  in  this  table  were  obtained  from 
E.  M.  Matthews,  superintendent  of  the  Chatham  Substa- 
tion of  the  Virginia  Agricultural  Experiment  Station. 

Nitrogen  was  determined  by  the  Kjeldahl- 
Gunning-Arnold  method,  potassium  by  the 
platinic-chloride  method  and  moisture  was 
determined  by  drying  without  heat  over  con- 
centrated sulfuric  acid  to  constant  weight. 
Reducing  sugars  were  determined  by  the  meth- 
od of  Quisumbing  and  Thomas  upon  an  aqueous 
extract  of  the  sample. 

Plate  counts  of  bacteria  were  made 
on  standard  beef-extract  peptone  agar  adjust- 
ed to  pH  6.8.  Preliminary  investigation  re- 
vealed no  significant  benefit  from  addition 
of  glucose,  asparagine  or  tobacco  extract  to 
this  substrate.  Counts  of  fungi  were  made 
on  glucose-peptone  agar  adjusted  to  pH  4.5. 
All  colonies  of  bacteria  and  yeast-like 
forms  appearing  on  plates  with  counts  be- 
tween ten  and  100  were  "picked"  and  the  iso- 
lations subjected  to  laboratory  study. 


Discussion  of  Results 

Data  obtained  by  chemical  analysis 
of  the  tobacco  samples  from  the  Chatham 
potash  plots  are  presented  in  Table  3.   The 
influence  of  potassium  upon  the  reducing 
sugar  content  is  worthy  of  particular  note 
although  not  unexpected.   The  depressive  ef- 
fect of  potassium  upon  nitrogen  uptake  is 
likewise  clearly  demonstrated  in  this  series 
of  treatments  in  which  potash  is  the  only 
variable.  This,  too,  is  in  accord  with  pub- 
lished results  based  on  similar  experiments. 
Comparing  the  data  presented  in  Ta- 
ble 3  with  that  of  Table  2  it  would  appear 


Soluble 

Reducing 

Carbohy- 

Plot 

Sugars 

drate/N 

N/K 

No. 

as  Glucose 

N 

K 

Ratio 

Ratio 

Ash 

% 

% 

% 

% 

1 

5.97 

3.12 

1.63 

1.91 

1.91 

14.06 

Z 

7.81 

2.72 

1.84 

2.91 

1.48 

12.12 

3 

10.10 

2.47 

2.43 

4.08 

1.02 

12.30 

4 

11.93 

2.53 

2.38 

4.71 

1.06 

11.21 

5 

2.42 

2.55 

.... 

0.95 

12.35 

6 

12.01 

2.14 

2.52 

5.61 

0.83 

11.53 

7 

12.76 

2.19 

3.07 

5.82 

0.71 

11.86 

8 

10.26 

2.33 

3.29 

4.40 

0.71 

13.40 

that  what  the  buyer  pays  for  as  quality  in  a 
flue-cured  leaf  includes  a  reducing  sugar  con- 
tent as  high  as. is  compatible  with  a  nitrogen 
content  of  the  order  of  2.25  to  2.50  per  cent. 
Plots  3,  4,  and  5  produced  such  tobacco.   The 
low  reducing  sugar  content  and  high  nitrogen 
of  the  tobacco  produced  on  Plots  1  and  2  would 
seem  to  be  correlated  with  what  the  buyer 
would  term  poor  to  fair  quality  in  a  flue- 
cured  tobacco.   On  the  other  hand,  the  tobac- 
co produced  on  Plots  7  and  8  likewise  failed 
to  bring  high  prices  and  this  lack  of  quality 
woulQ  seem  to  be  associated  with  an  abnormally 
low  nitrogen  content. 

An  examination  of  Tables  2  and  3  re- 
veals that  the  eight  plots  fall  into  three 
distinct  groups.   The  groups  are  identical 
whether  the  division  be  made  on  the  basis  of 
selling  price  or  upon  chemical  composition. 
The  first  group,  consisting  of  Plots  1  and  2, 
produced  tobacco  that  sold  for  approximately 
twenty-three  cents  per  pound.   The  N/K  ratio 
of  the  crops  produced  on  these  plots  fell  be- 
tween 1.48  and  1.91.  The  second  group,  com- 
prising Plots  3,  4,  and  5  produced  tobacco 
selling  on  the  average  at  twenty-eight  cents 
per  pound.  The  N/K  ratio  of  the  tobacco  from 
these  plots  ranged  from  0.95  to  1.06.   The 
third  group,  consisting  of  Plots  6,  7,  and  8, 
produced  tobacco  valued  at  about  twenty-four 
cents  per  pouna,  ana  with  an  N/K  ratio  between 

0.71  and  0.83. 

Plate  counts  of  bacteria  and  yeast- 
like organisms  are  presented  in  Table  4.  The 
data  presented  in  this  table  make  it  evident 
that  bacteriologically  the  same  grouping  may 
be  made  as  that  made  upon  the  basis  of  qual- 
ity and  confirmed  by  chemical  analysis.  From 
the  standpoint  of  bacterial  numbers  such  a 
grouping  is  possible  although  it  must  be 


admitted  that  the  variations  in  count  are 
not  of  great  significance.  The  truly  sig- 
nificant differences,  however,  that  permit 
such  a  grouping  are  found  in  the  relative 
distribution  of  types  of  microorganisms.  The 
first  rough  breakdown  of  types  is  presented 
in  Table  5.   Upon  the  basis  of  colonial  mor- 
phology of  the  Gram-negative  rods  the  eight 
plots  are  found  to  fall  into  the  three  groups 
previously  discussed.  Gram-negative  rods 
growing  on  tobacco  from  Plots  1  and  2  were 
found  in  almost  every  instance  to  be  "rough" 
in  nature.   Gram-negative  rods  from  tobacco 
produced  on  Plots  3,  4,  and  5  were  approxi- 
mately fifty  per  cent  "rough"  in  type  and 
fifty  per  cent  "smooth."  All  Gram-negative 
rods  found  on  tobacco  from  Plots  6,  7,  and 
8  were  "smooth"  in  colonial  morphology. 


Table  4 

EFFECT  OF  FERTILIZER  TREATMENT  UPON  THE  MICROFLORA  OF 
THE  TOBACCO  PRODUCED  ON  THE  CHATHAM  PLOTS  AS  DESGRDBED 


Percentage  Distribution  of 

Principle  Types  of  Micro- 

Plate Count  of 
Bacteria  and 

organisms 

Gram-negative 

Plot 

Yeasts  per 
Gram 

rods 

Cocci 

Yofi.st-likft 
oiganisms 

No. 

Smooth 

Rough 

1 

103,000 

0 

93 

7 

0 

2 

660,000 

3 

81 

16 

0 

3 

2,730,000 

20 

76 

4 

0 

4 

1,904,000 

54 

28 

0 

18 

5 

4,400,000 

27 

19 

0 

54 

6 

675,000 

86 

0 

7 

7 

7 

365,000 

91 

0 

9 

0 

8 

830,000 

100 

0 

0 

0 

185 


Micrococci  were  seldom  encountered  on 
tobacco  from  Plots  3,  4,  and  5  although  char- 
acteristically present  on  tobacco  from  other 
plots.  With  the  exception  of  tobacco  from 
Plot  6,  yeast-like  forms  were  limited  to  the 
crops  produced  on  Plots  4  and  5. 

Of  particular  interest,  however,  and 
confirming  the  classification  of  the  eight 
plots  into  three  groups,  is  the  study  of  the 
Gram-negative  isolations  recorded  in  Tables  6 
and  7.   All  Gram-negative  rods  isolated  from 
the  tobacco  grown  on  these  plots  produced  a 
yellow  pigment  at  the  time  of  isolation, 
though  pigment  production  has  not  proved  con- 
stant under  laboratory  cultivation.  At  the 
time  of  "picking"  these  cultures  were  classi- 
fied as  "rough"  and  "smooth"  as  shov^n  in  Ta- 
ble 4.  The  cultures  were  subsequently  trans- 
ferred to  gelatin,  litmus  milk,  and  glucose. 


Table  5 

EFFECT  OF  LABORATORY  CULTIVATION  UPON  THE  CULTURES  OF 
GRAM-NEGATIVE  RODS  ISOLATED  FROM  TOBACCO  PRODUCED  ON 

THE  CHATHAM  PLOTS 


Relative  Numbers  of 

Relative  Numbers  of 

Smooth  and  Rough  Cul- 

Plot 

Smooth  and  Rough  Cul- 

tures Following  Lab- 

No. 

tures  upon  Isolation 

oratory  Cultivation 

P 

Smooth 

Rough 

Smooth 

Rough 

% 

% 

% 

% 

1 

0 

100 

95.6 

4.4 

2 

3.5 

9615 

63 

57 

3 

21 

79 

70 

30 

4 

65 

55 

69 

31 

5 

59 

41 

59 

41 

6 

100 

0 

100 

0 

7 

100 

0 

100 

0 

8 

100 

0 

100 

0 

Table  6 

CULTURAL  CHARACTERISTICS  OF  GRAM-NEGATIVE  RODS  ISOLATED 
FROM  TOBACCO  PRODUCED  ON  CHATHAM  FERTILITY  PLOTS 


■ 

Glucose,  Su- 
crose and 

Type 

Gelatin 

Litmus  Milk 

Lactose 

Smooth  Type  I 

Pronounced 

Usually  only 

Usually  al- 

liquefaction 

reduculon, 

kaline,  some 

4-7  days 

rarely  slight 

give  slight 

digestion 

acidity 

Smooth  Type  II 

As  above 

Slight  if 

Acid  and 

any  change 

gas 

Rough  Type  I 

As  above 

Acid  curd 

Acid  and 
gas 

Rough  Type  II 

Liquefaction 

Reduction 

Usually  al- 

very slow 

kaline 

Rough  Type  III 

As  above 

Yellow  pel- 
licle, no 
other 
change 

Alkaline 

sucrose,  and  lactose  peptone  broths  for  further 
classification.  In  this  manner  the  »» smooth" 
forms  were  subdivided  into  two  groups  or  types 
and  the  "rough"  forms  into  three  as  indicated 
in  Table  6.  Distribution  of  the  Gram-negative 
rods  on  this  basis  is  shown  in  Table  7.   This 
distribution  not  only  places  additional  empha- 
sis upon  the  effects  of  the  plot  treatments, 
but  again  inaicates  a. division  of  the  eight 
plots  into  the  three  groups  previously  de- 
scribed.  For  example.  Rough  Type  III  has 
been  found  only  on  tobacco  produced  on 
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Table  7 


DISTRIBUTION  OF  THE  FIVE  TYPES  OF  GRAM-NEGATIVE  RODS 
ISOLATED  FROM  TOBACCO  PRODUCED  ON  THE  CHATHAM  PLOTS 


Plot 
No. 


1 
2 
5 
4 
5 
6 
7 
8 


Smooth 
I 
% 


3 
21 
53 

41 
30 

•  ■ 
15 


Smooth 
II 

% 


Rough 
I 

% 


13 
18 
70 
100 
85 


55 

18 

1 


Rough 
II 
% 


Rough 
III 


45 

78 

49 

5 


29 
29 
41 


Plots  5,  4,  and  5.  This  is  apparently  the 
only  "rough"  form  isolated  which  retains  its 
roughness  on  laboratory  cultivation.   Smooth 
Type  I  is  also  characteristic  of  the  higher 
quality  tobacco  while  Smooth  Type  II  seems 
more  characteristic  of  an  extremely  low  ni- 
trogen tobacco.  Rough  Types  I  and  II  were 
found  to  be  associated  with  rather  high  ni- 
trogen content. 

Continued  laboratory  cultivation  over 

a  period  of  several  months  has  resulted  in 
the  conversion  of  the  majority  of  the  cul- 
tures of  the  Rough  Types  I  and  II  to  "smooth" 
forms  and  it  would  appear  that  Rough  Type  II 
is  the  "rough"  phase  of  Smooth  Type  I  and 
Rough  Type  I  bears  a  similar  relationship  to 
Smooth  Type  II.  This  conversion  is  shown  in  I 

Table  5. 

Although  laboratory  cultivation  has 

resulted  in  the  loss  of  "roughness"  on  the 
part  of  Rough  Types  I  and  II,  merging  these 
cultures  with  Smooth  Types  II  and  I,  respec- 
tively, it  is  felt  to  be  significant  that 
treatment  of  the  soil  with  corresponding 
differences  in  plant  composition  resulted  in 
such  dissociation  on  the  part  of  these  organ- 
isms.  In  fact,  it  has  proved  possible  to  de- 
termine by  plating  the  approximate  N/K  ratio 
of  Old  Belt  tobacco  according  to  the  relative 
numbers  of  "smooth"  and  "rough"  forms  present. 
Such  a  determination  is  not  possible,  howev- 
er, in  the  case  of  tobacco  from  other  flue- 
cured  districts. 

The  investigation  of  tobacco  from 
other  flue-cured  aistricts  has  shown  that  the 
crop  from  each  of  the  three  large  producing 
sections,  Georgia,  tne  Carolina  coastal  re- 
gion, and  the  Piedmont,  carries  a  flora  char- 
acteristic of  the  aistrict.   The  flora  of  the 


samples  produced  on  the  Chatham  potash  plots 
proved  quite  characteristic  of  the  area,  the 
predominant  organism  almost  invariably  prov- 
ing to  be  a  yellow  Gram-negative  rod.   In 
lesser  numbers  are  found  on  Piedmont  tobacco 
white  Gram-negative  rods,  micrococci,  yeast- 
like organisms  and  aerobic  spore-formers. 
Seldom  have  yeast-like  forms  been  encoun- 
tered in  as  great  number  as  in  the  samples 
from  Plots  4  and  5.   These  forms  might  well 
be  classified  as  mycoderms  capable  of  utiliz- 
ing carbohydrates,  many  organic  acids  and 
ethyl  alcohol  as  sources  of  energy.   Aerobic 
spore-formers,  as  a  rule,  have  been  found  to 
constitute  a  very  small  percentage  of  the 
flora  at  the  end  of  the  storage  period  on  the 
farm  though  at  other  stages  in  the  aging  the 
numbers  are  more  significant.   These  forms 
are  largely  of  the  Bacillus  megatherium,  Ba- 
cillus  cereus,  and  related  organisms.   Fungi 
of  the  Alternaria  type  are  always  found  and 
are  usually  accompanied  by  some  of  the  more 
common  molds. 

Summary 


Although  the  data  at  hand  are  based 
largely  on  a  crop  producea  in  one  season,  it 
is  felt  that  the  information  presents  certain 
significant  trends. 

With  potash  as  the  only  variable  in 
the  fertilizer  treatment  the  eight  plots  stud- 
ied produced  flue-cured  tobacco  varying  in 
chemical  composition  according  to  the  treat- 
ment. 

According  to  the  quality  of  the  to- 
bacco produced  as  judged  by  price  received 
the  eight  plots  could  be  placed  conveniently 

in  three  groups. 

Separation  upon  chemical  analyses  and 
bacteriological  examination  gave  the  same 
grouping  as  that  based  upon  quality. 

High  quality  tobacco  was  produced  where 
an  adequate  but  not  excessive  amount  of  potash 
was  incorporated  in  the  fertilizer  treatment. 
The  N/K  ratio  of  such  tobacco  was. found  to  be 

approximately  1. 

"Rough"  Gram-negative  rods  were  found 
to  be  characteristic  of  Piedmont  flue-cured 
tobacco  that  is  high  in  nitrogen  and  low  in 
soluble  carbohydrates. 

"Smooth"  Gram-negative  rods  charac- 
terize the  high  potash,  low  nitrogen  tobacco 

of  the  Piedmont. 

Well-balanced  fertilization  from  the 
standpoint  of  crop  quality  produced  a  tobacco 
upon  which  both  "smooth"  and  "rough"  Gram- 
negative  rods  appeared  and  in  addition  organ- 
isms not  found  on  tobacco  produced  with  un- 
balanced treatments. 
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SALT  CONTENT  OF  CURED  HAM^'=^ 

R.  C.  MILLER  AND  P.  T.  ZIEGLER 
Pennsylvcmia  State  College,  State  College,  Pennsylvania 

(Received  for  publication,  May  10,  1938) 

The  preservative  action  of  salt  has  always  been  of  primary  im- 
portance in  relation  to  the  curing  of  ham.  Recent  work  by  Jones 
(1937a,  b)  indicates  that  a  further  function  of  salt  lies  in  its  selec- 
tive action  in  addition  to  its  bactericidal  effect.  Thus  nitrate-reducing 
organisms  function  in  high  concentrations  of  sodium  chloride  which 
are  detrimental  to  microorganisms  having  a  deleterious  effect  on  the 
meat. 

Preservation  alone  does  not  fulfill  all  of  the  requirements  of  a 
successful  cure.  The  further  requirement  for  ham  is  for  a  palatable 
product  that  is  not  oversalted. 

The  present  investigation  w^as  instigated  because  there  was  little 
definite  information  available  to  those  who  wush  to  produce  a  home- 
cured  product  of  the  best  quality  as  judged  from  the  viewpoint  of 
preservation  and  palatability.  A  study  w^as  made  of  different  curing 
methods  from  the  standpoints  of  practicability  of  the  method  and  of 
quality  of  the  resulting  product.  This  report  is  limited  to  a  consid- 
eration of  the  salt  content  of  hams  cured  by  three  procedures,  and 
to  a  comparison  of  these  hams  with  standard  commercial  hams  ob- 
tained on  the  local  market. 

EXPERIMENTAL   PROCEDURE 

Forty  hams  were  used.  Of  these,  eight  were  purchased  at  a  local 
butcher  shop  and  represented  first-quality  products  produced  by 
nationally  know^n  meat  packers.  The  salt  content  of  these  hams  w^as 
determined  for  purposes  of  information  and  for  comparison  with  our 
own  experimentally  cured  hams. 

Twelve  hams  were  dry-cured  under  definite  experimental  condi- 
tions. The  curing  agent  w^as  composed  of  eight  pounds  of  salt,  three 
pounds  of  sugar,  and  three  ounces  of  saltpeter  (KNO3).  It  was 
applied  at  the  rate  of  one  ounce  per  pound  of  meat.  Usually  the 
application  of  the  curing  agent  involved  rubbing  the  mixture  into 
the  hams  in  two  or  three  portions  at  three-day  intervals,  applying 
as  much  each  time  to  the  meat  as  it  would  take  up,  until  the  required 
amount  was  used. 


'Presented    before    the    division  of   agricultural    and    food    chemistry    at    the 

Rochester  meeting  of  the  American  Chemical  Society,  September  6  to  10,  1937. 

"Authorized    for   publication   on  January    7,   1938,   as   paper  No.    820   in    the 

Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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Eleven  hams  were  cured  experimentally  in  a  75-degree  (salom- 
eter)  sweet  pickle  which  was  made  up  of  the  same  mixture  as  was 
used  for  dry  curing  but  which  was  dissolved  in  five  gallons  of  water. 
The  use  of  four  gallons  of  water  produced  an  85-degree  pickle  which 
was  used  for  the  curing  of  nine  hams. 

These  hams  were  sampled  and  analyzed  by  the  methods  given  by 
Miller  and  Ziegler  (1936)  and  Ziegler  and  Miller  (1938).  Five  sub- 
samples  were  taken  from  each  ham  (Fig.  1).  Only  the  salt  contents 
of  the  subsamples  from  the  lean  portion  of  the  ham  (No.  2,  3,  4,  5) 
are  given  in  this  paper;  those  for  subsample  No.  1  are  omitted  be- 
cause this  subsample  usually  consisted  largely  of  fat  and  did  not 
absorb  salt  to  the  same  degree  as  did  the  lean  tissue. 


femur    ^ -. 


skin  side 
Fig.  1.    Diagram  showing  method  of  sampling  ham. 

The  method  of  sampling  gives  information  as  to  the  condition  of 
vital  portions  of  the  ham  as  considered  from  the  viewpoint  of  effec- 
tiveness of  the  cure  with  respect  to  salt  penetration.  The  No.  3  sub- 
sample  is  from  the  center  of  the  ham,  a  region  next  to  the  bone  where 
spoilage  is  very  likely  to  occur  in  the  case  of  incomplete  curing.  The 
salt  content  of  this  subsample,  when  considered  in  relation  to  the 
salt  content  of  the  adjacent  subsamples,  gives  a  good  idea  of  the 
extent  to  which  salt  has  penetrated  the  ham. 

SALT    CONTENT    OF    COMMERCIAL   BRANDS    OF    HAM 

In  order  to  ascertain  what  constitutes  a  good-quality,  first-grade, 
commercial  brand  of  ham  as  considered  from  its  content  of  salt  a 
number  of  nationally  known  brands  of  ham  were  studied.  No  infor- 
mation is  available  concerning  the  manner  in  which  these  hams  were 
cured  but  they  are  judged  to  be  representative  of  first-quality  prod- 
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nets.    These  hams  were  sampled  and  the  samples  analyzed  by  the 
methods  given  above. 

The  data  for  eight  such  representative  hams  (Table  1)  show  that 
in  all  cases  no  less  than  13.5  per  cent  of  salt  was  present  in  the  dry 
matter  of  the  outer  lean  portions  of  these  hams  (Subsamples  4  and  5), 
and  in  some  cases  over  18  per  cent  was  present. 

Subsample  No.  2,  from  next  to  the  fat  or  skin  side  of  the  ham, 
and  No.  3,  from  the  center,  did  not  contain  as  much  salt  as  Sub- 
samples  4  and  5  in  spite  of  a  possibility  that  the  centers  of  these 
hams  were  pumped  with  a  strong  pickle  as  a  part  of  the  cure,  a 
common  commercial  practice. 


TABLE    1 
Salt  Content  of  Commercial  Hams 


Brand 

Mean  NaCl 

content  * 

of  center 

slice 

NaCl  ( 

L'otitent  ' 

Ham 
No. 

Sub- 
sample 
No.  2 

Sub- 
sample 

No.  3 

i 

Sub- 
sample 
No.  4 

Sub- 
sample 
No.  5 

pet. 

pet. 

pet. 

pet. 

pet. 

1 

A 

11.63 

11.44 

7.45 

13.68 

13.92 

2 

A 

12.91 

13.67 

9.99 

14.43 

13.54 

3 

A 

12.51 

12.16 

7.91 

14.50 

15.46 

4 

B 

15.75 

16.53 

12.87 

18.06 

15.52 

5 

B 

16.35 

15.88 

12.63 

18.36 

18.54 

6 

B 

17.42 

17.73 

15.56 

18.49 

17.91 

7 

C 

13.97 

11.09 

11.22 

15.41 

18.14 

8 

C 

16.18 

18.14 

12.21 

17.65 

16.73 

Mean 

•  •  •• 

14.59  ±:  .51 

14.58 

11.23 

16.32 

16.22 

1  NaCl   in   dry  matter. 

The  mean  salt  content  of  the  entire  center  slice,  as  computed  from 
the  four  subsamples,  ranged  from  11.63  per  cent  to  17.42  per  cent, 
the  mean  for  the  eight  hams  being  14.59  per  cent. 

It  would  appear,  therefore,  as  judged  from  these  hams,  that  11 
per  cent  of  salt  is  sufficient  for  purposes  of  preservation  in  the  center 
of  the  ham  next  to  the  bone,  where  spoilage  is  most  likely  to  occur. 
It  is  probable  that  11  per  cent  of  salt  is  also  sufficient  to  provide  a 
considerable  factor  of  safety  in  so  far  as  the  keeping  quality  of  ham 
is  concerned.  Such  a  factor  of  safety  is  perhaps  desirable  for  a  com- 
mercial  product  which  may  be  subjected  to  more  or  less  variable  con- 
ditions and  hazards  during  storage  and  distribution  before  the  meat 
finally  reaches  the  consumer. 

It  is  to  be  noted  that,  while  the  salt  contents  of  all  of  the  eight 
hams  are  of  the  same  general  order  of  magnitude,  those  of  Brand  A 
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contain  somewhat  less  salt  than  those  of  the  other  two  brands,  indi- 
cating a  somewhat  milder  cure  for  this  brand. 

SALT  CONTENT  OF  DRY-CURED  HAMS 

Preliminary  work  by  the  authors  has  shown  that  a  satisfactory 
dry-cure  was  obtained  with  hams  when  a  curing  formula  consisting 
of  eight  pounds  of  salt,  three  pounds  of  sugar,  and  three  ounces  of 
saltpeter  (KNO3)  was  applied  at  the  rate  of  one  ounce  per  pound 
of  meat.  This  formula  or  some  modification  of  it  is  considered  as  a 
standard  curing  mixture  and  is  recommended  rather  extensively  for 
agricultural  use. 

Some  idea  of  the  salt  content  of  the  final  product  cured  by  this 
formula  can  be  obtained  by  computation.  Applying  one  ounce  per 
pound  of  the  8-3-3  curing  agent  to  a  12-pound  ham  containing  22 
ounces  of  bone  and  45  per  cent  of  dry  matter  would  result  in  about 
11  per  cent  of  salt  in  the  dry  matter  of  the  ham  minus  the  bone. 
However,  there  is  some  loss  of  salt  from  the  ham  through  the  brine 
that  drains  from  it  during  dry-curing,  hence  11  per  cent  of  salt 
represents  the  maximum  amount  which  could  be  present. 

Data  for  12  hams  dry-cured  by  the  8-3-3  formula  show  that  the 
average  amount  of  salt  in  the  dry  matter  of  the  center  slices  from 
which  the  subsamples  were  taken  is  10.51  ±:  .38  per  cent  (Table  2). 
This  indicates  that  the  8-3-3  formula  gives  a  somewhat  milder  cure 
with  respect  to  salt  than  that  of  the  commercial  hams.  The  average 
salt  content  of  the  subsample  taken  from  the  tissue  next  to  the  bone 
(No.  3)  is  9.16  per  cent,  which  is  lower  by  approximately  two  per 
cent  than  the  salt  content  of  this  subsample  in  the  commercial  hams. 
For  Subsamples  4  and  5  differences  are  even  greater,  the  dry-cured 
hams  containing  less  salt  by  5.52  per  cent  in  subsample  No.  4  and 
3.78  per  cent  in  No.  5.  It  is  apparent,  therefore,  that  the  cure  used 
for  these  hams  gives  a  product  which  contains  somewhat  less  salt 
than  is  found  in  the  commercial  hams  used  for  comparison. 

SALT   CONTENT   OF   BRINE-CURED   HAMS 

Data  for  11  hams  cured  in  a  75-degree  sweet  pickle,  made  up  as 
previously  stated,  show  that  the  amount  of  salt,  10.15  zb  .48  per  cent, 
representing  the  average  for  the  center  slices  for  all  the  hams  is  not 
significantly  different  from  that  of  the  dry-cured  hams  (Table  3). 
As  compared  with  the  dry-cured  hams,  however,  there  is  slightly  less 
salt  on  the  average  in  the  No.  3  center  subsample  and  somewhat  more 
in  the  outside  No.  4  and  No.  5  subsamples.  This  indicates  that  the 
75-degree  pickle  does  not  penetrate  and  strike  into  the  center  of  the 
hams  as  rapidly  as  the  salt  does  in  the  dry-curing.   Nevertheless,  the 
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saltiness  of  the  final  product  is  about  the  same  as  that  of  the  dry-cured 
hams  and  is  less  than  that  of  the  commercial  hams. 

The  data  for  the  75-degree  sweet  pickle  hams,  however,  are  more 
variable  than  those  previously  considered.  This  is  true  for  samples 
within  the  individual  hams  as  well  as  for  samples  from  different 
hams  cured  by  this  method.  While  the  agreement  leaves  much  to  be 
desired  from  an  experimental  viewpoint,  the  data  obtained  may  indi- 
cate that  the  75.degree  sweet-pickle  cure  is  somewhat  slower  in  action 
than  the  dry-cure.  The  additional  possibility  remains  that  some  of 
this  variation  may  also  be  due  to  the  hams  themselves,  uniformity 
of  which  is  difficult  to  attain,  owing  to  such  factors  as  variable  com- 
position of  the  tissue  and  individual  differences  existing  in  the  hogs 
from  which  the  hams  were  taken. 

The  data  for  hams  cured  in  an  85-degree  sweet  pickle  indicate 
that  the  mean  salt  content  of  the  center  slice  for  all  of  the  hams  is 
not  significantly  different  than  that  for  the  dry-cured  and  75-degree 
pickle  hams  (Table  4).  A  better  penetration  and  equalization  of 
salt  throughout  the  various  subsamples  is  indicated  by  the  mean 
salt  contents  which  range  from  9.61  per  cent  for  Subsample  2  to 
10.89  for  Subsample  4.  The  salt  content  of  the  outside  section  (Sub- 
sample  5)  of  the  hams  is  lower  on  the  average  by  5.77  per  cent  than 
that  in  the  commercial  hams.  A  similar  relationship  exists  for  all 
of  the  other  subsamples  except  No.  3,  the  center  subsample,  in  the 
case  of  which  the  commercial  hams  are  higher  in  salt  content  by  1.33 
per  cent. 

Somewhat  better  uniformity  is  apparent  for  all  of  the  hams  than 
was  the  case  with  the  75-degree  cure,  a  fact  perhaps  due  to  the  better 
penetration  of  the  salt  from  the  85-degree  brine.  A  further  fact 
which  may  contribute  to  the  uniformity  of  the  data  for  this  cure  is 
that  in  some  cases  hams  of  this  cure  were  subjected  to  a  somewhat 
longer  aging  period  than  in  the  other  cases  during  which  there  was 
more  complete  equalization  of  the  salt  throughout  the  meat  tissue. 

DISCUSSION  OF  RESULTS 

A  summary  of  the  data  with  respect  to  the  salt  content  of  all  of 
the  hams  used  in  this  study  (Table  5)  shows  that  the  average  salt 
content  of  the  entire  center  slice  for  all  three  groups  of  experimentally 
cured  hams  was  about  the  same,  and  was  somewhat  lower  than  that 
of  the  commercial  hams.  Also,  with  respect  to  the  various  subsamples, 
on  the  average,  none  of  the  experimental  hams  was  as  salty  as  the 
commercial  hams.  There  was  no  evidence  that  the  lower  salt  content 
of  these  hams  impaired  their  keeping  quality.  This  does  not  mean 
that  a  somewhat  higher  salt  content  would  not  be  desirable  from  the 
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Standpoint  of  keeping  quality  under  uncertain  storage  and  handling 
conditions,  but  the  keeping  quality  of  these  hams  is  judged  to  be 
satisfactory  for  farm  conditions. 

It  will  be  observed  that  some  of  the  hams  were  cured  under  con- 
trolled temperature  conditions  at  1.1  to  2.8°C.(34  to  37°F.)  and  that 
some  were  cured  under  uncontrolled  conditions  which  were  approxi- 
mately 8.3°C.(47°F.)  in  the  winter  and  12.8°C.(55°F.)  in  the  spring 
and  fall.  No  differentiation  has  been  made  in  this  study  between  hams 
cured  under  these  two  different  temperature  conditions  because  they 
prevailed  only  during  the  curing  period  proper,  and  all  of  the  hams 
were  subsequently  exposed  to  approximately  the  same  environmental 
temperatures  during  the  aging  or  holding  period  which  followed  the 
initial  period  in  cure. 

TABLE    5 
Average  Salt  Content '  of  Center  Slice  of  Hams 


Number 

of 

hams 


Kind  of  ham 


8 
11 

9 
12 


Commercial    (purchased   locally), 

Sweet  pickle   (75°)  cure 

Sweet  pickle   (85°)   cure 

Dry-cured 


Average  salt   content  * 


Entire 

center 

slice 


pet. 
14.59  ±  .51 
10.15  ±  .48 
10.21  ±  .34 
10.51  ±  .38 


Sub- 
sample 
No.  2 


pet. 
14.58 
8.79 
9.61 
9.64 


Sub- 
sample 
No.  3 


pet. 
1L23 
7.69 
9.90 
9.16 


Sub- 
sample 
No.  4 


pet. 
16.32 
11.17 
10.89 
10.80 


Sub- 
sample 
No.  5 


pet. 
16.22 
13.05 
10.45 
12.44 


1  V 


NaCl   in   dry  matter. 

Also,  heretofore  no  mention  has  been  made  concerning  the  length 
of  curing  periods.  The  number  of  days  in  cure  is  given  in  the  tables 
and  will  be  found  to  be  different  for  different  hams.  These  curing 
periods  Avere  established  for  purposes  other  than  the  immediate  object 
of  this  paper,  and  the  chief  justification  for  use  of  the  data  presented 
here  is  that  the  initial  curing  periods  were  followed  by  the  above- 
mentioned  aging  or  seasoning  period  which  was  at  least  30  days  long. 
During  this  period  all  of  the  hams  were  subjected  to  the  same  envi- 
ronmental conditions  and  were  smoked.  It  was  during  this  period 
that  the  cure  was  really  completed.  No  further  absorption  of  salt  is 
possible  during  this  time,  but  that  which  already  has  been  absorbed, 
and  is  present  to  a  large  extent  in  most  cases  in  the  outer  portions 
of  the  ham,  continues  to  penetrate  the  tissue  and  to  strike  into  the 
center  of  the  ham,  eventually  becoming  more  or  less  evenly  distrib- 
uted throughout  the  whole  piece.  This  process  of  sale  equalization  has 
previously  been  reported  on  by  Ziegler  and  Miller   (1938). 

This  latter  consideration  does  not  ignore  the  fact  that  in  brine- 
curing  more  salt  is  taken  up  by  the  meat  upon  longer  contact  with 


64 


R.    C.    MILLER    AND   P.    T.    ZIEGLER 


the  curing  agent.  However,  there  has  been  some  misconception  con- 
cerning the  length  of  the  curing  period  as  applied  to  dry-curing.  In 
this  case,  inasmuch  as  the  curing  agent  is  applied  directly  to  the 
meat  in  definite  amounts  and  is  all  absorbed  within  a  relatively  few 
days,  the  proper  conception  of  the  curing  period  is  a  length  of  time 
sufficient  for  the  salt  to  strike  into  the  meat  and  become  distributed 
in  concentrations  sufficient  to  prevent  spoilage.  A  prolonged  curing 
period,  in  the  case  of  dry-curing,  will  not  affect  the  amount  of  salt 
ultimately  present  in  the  meat,  this  having  been  determined  by  the 
amount  of  curing  agent  that  was  applied. 

In  the  case  of  the  brine-cure  a  different  situation  exists  and  the 
length  of  the  curing  period  directly  influences  the  amount  of  salt 
taken  up  by  the  meat.  The  authors  have  thought  it  more  logical  to 
consider  the  length  of  the  curing  period  in  relation  to  the  thickness 
of  the  cuts  to  be  cured  rather  than  in  relation  to  their  weight.  This 
viewpoint  is  arrived  at  from  a  consideration  that  the  efficacy  of  salt 
in  curing  is  due  to  its  penetration  of  the  meat,  a  process  most  logi- 
cally considered  in  relation  to  the  distance  through  the  meat  that  it  is 
necessary  for  the  salt  to  travel  or,  in  other  words,  the  thickness  of 
the  cut  rather  than  its  weight.  The  concentration  of  salt  in  the  meat 
must  be  considered  in  relation  to  the  weights  of  salt  and  meat ;  the 
length  of  time  required  to  permit  the  salt  to  penetrate  a  given  cut 
is  proportional  to  the  thickness  of  the  meat. 

On  this  basis  the  average  length  of  cure  for  the  hams  cured  with 
the  75-degree  pickle  was  eight  days  per  inch  of  thickness  and  for 
those  with  the  85-degree  pickle,  seven  days  per  inch.  Curing  periods 
of  this  order  have  produced  the  amounts  of  salt  in  the  cured  hams 
as  given  in  the  tables.  These  hams  appear  to  be  on  the  average  some- 
what lower  in  salt  content  than  the  commercial  hams  studied.  Fur- 
ther work  by  the  authors  to  be  reported  elsewhere  has  indicated  that 
curing  periods  of  nine  days  per  inch  with  an  85-degree  pickle  produce 
hams  with  a  salinity  approaching  that  of  the  commercial  hams  re- 
ported here. 

SUMMARY 

Data  are  presented  concerning  the  salt  content  of  40  hams ;  of  these 
eight  were  commercial  hams  purchased  locally  and  the  remainder  were 
experimentally  cured  as  follows : 

(1)  Twelve  hams  dry-cured  with  eight  pounds  of  salt,  three 
pounds  of  sugar,  and  three  ounces  of  saltpeter  applied  at  the  rate 
of  one  ounce  per  pound  of  meat. 

(2)  Eleven  hams  brine-cured  with  a  75-degree  sweet  pickle  made 
by  dissolving  the  above  8-3-3  mixture  in  five  gallons  of  water. 
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(3)  Nine  hams  brine-cured  with  an  85-degree  sweet  pickle  made 
by  dissolving  the  8-3-3  mixture  in  four  gallons  of  water. 

The  analysis  of  samples  taken  from  these  hams  is  presented  as 
well  as  the  analysis  of  samples  taken  from  three  commercial  brands 
of  ham. 

The  average  amount  of  salt  present  in  the  dry  matter  of  the  sub- 
samples  of  the  experimentally  cured  hams  was  practically  the  same 
for  the  three  cures  and  averaged  10.29  per  cent  as  compared  with 
14.59  per  cent  for  the  commercial  hams,  indicating  that  the  methods 
used  produced  a  milder  cure  under  the  conditions  studied. 

The  relationship  of  the  length  of  the  curing  period  to  the  thick- 
ness of  the  ham  is  discussed  in  the  case  of  brine-curing.  Production 
of  hams  of  higher  salt  content  is  possible  by  use  of  a  longer  curing 
period  per  inch  of  thickness  of  the  meat  than  that  used  in  this  study. 
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it  is  not  these  two  vitamins  but  still 
another  factor  in  yeast  that  is  essential 
for  the  growth  of  B.  anthracis. 

The  B.  anthracis  growth  factor  is  not 
replaced  by  thiamin,  nicotinic  amide, 
beta  alanine,  pimelic  acid,  glutathione, 
betaine,  riboflavin,  glucosamine,  vita- 
min Be,  or  the  acidic  ether  extract  of 
yeast,  either  singly  or  in  various 
combinations. 

Meat  extract,  liver  extract  and  yeast 
are  good  sources  of  the  growth  factor. 

Two  concentrates  of  the  B.  anthracis 
factor  prepared  from  yeast  exhibited 


growth  stimulation  at  levels  of  1  and 
30  micrograms,  respectively. 

High  vacuum  distillation  of  a  potent 
concentrate  at  temperatures  from 
120°  to  160°C.  at  0.002  mm.  mercury 
results  in  the  activity  remaining  in 
the  residue. 

The  growth  factor  is  resistant  to 
autoclaving,  to  acid  and  alkali,  and  to 
light,  is  adsorbed  on  norite  charcoal 
at  pH  1.4,  is  soluble  in  water  and 
aqueous  alcohol,  and  is  insoluble  in 
acetone,    ether   and    chloroform. 
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Comparative  Study  of  the   Intra- 
cutaneous Injection  of  P.P.D.  and 
the  Vollmer  Patch  Test  for  the 
Detection  of  Tuberculosis.    John 
W.  RicCf  Bucknell  University. 
Due  to  reluctance  on  the  part  of 
many  college  students  to  submit  to  the 
use  of  the  hypodermic  needle,  it  was 
decided  to  study  the  patch  test  devised 
by  Vollmer  for  the  testing  of  young 
children. 

A  group  of  265  students  were  tested 
by  intracutaneous  injection  of  P.P.D. 
in  standard  dose  and  simultaneously 
with  the  Vollmer  Patch  Test.  To 
summarize,  52.8%  of  the  group  were 
negative  to  both  tests ;  23%  were  nega- 
tive to  the  Vollmer  test  but  showed  a 
one  plus  reaction  to  P.P.D.;  13.6% 
showed  agreement  in  one  plus  reactions 
while  in  the  group  of  fairly  strong 
reactions  to  P.P.D.,  0.75%  were  nega- 
tive; 2.64%  were  faintly  positive;  and 
1.6%  were  definitely  positive  to  the 
Vollmer  test.  A  total  of  5.3%  showed 
stronger  reactions  to  the  Vollmer  test 
than  to  P.P.D.  Delayed  reactions 
were  quite  common  in  the  case  of  the 
Vollmer  test. 
The  relative  high  number  of  negative 


reactions  together  with  the  delayed 
response  of  the  Vollmer  Patch  Test 
would  seem  to  indicate  that  this  test 
is  not  applicable  to  the  college  age 
group. 

Studies  of  Cacao  Fermentation.    S, 

Hoynakf  T.  S.  Polansky  and  R.  W. 

StonCj  Pennsylvania  State  College. 

A  study  has  been  made  of  the  micro- 
flora of  cacao  beans,  together  with  some 
resulting  chemical  changes  produced 
by  the  microorganisms  during  fermen- 
tation. Counts  of  viable  organisms 
were  made  daily  during  the  fermenta- 
tion period.  Relative  percentages  of 
types,  the  stage  of  their  appearance  in 
the  fermentation,  and  their  isolation 
and  identification  were  carried  out. 

During  the  initial  or  alcoholic  stage 
of  the  fermentation,  yeast-like  organ- 
isms predominate.  This  is  followed  by 
an  acetic  and  later  a  proteolytic  stage. 
In  both  these  latter  stages  gram- 
negative  rods  are  most  numerous. 
Utilization  of  reducing  sugars,  pH,  and 
titratable  acidity  were  followed.  De- 
terminations were  made  on  fermenting 
beans  at  25**C.,  Se^'C,  and  45''C.  Under 
the  experimental  conditions,  variations 
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in  temperature  generally  resulted  in  a 
change  of  rate  rather  than  in  type  of 
fermentation. 

A   Study   of   the   Epidemiology   of 
Tobacco    Wildfire.    H.     D.     Mc- 
Auliffe,  M.  A.  Farrell,  D.  E.  Haley 
and  J.  J,  Reidy  The  Pennsylvania 
Agricultural  Experiment  Station. 
The  epidemiology  of  tobacco  wildfire 
has  been  the  subject  of  a  study  carried 
out   as   a   threefold   program   consist- 
ing of  a  general  survey  of  the  tobacco- 
growing  regions  of  Pennsylvania,  soil 
fertility   experiments   and   laboratory 
investigations. 

It  has  been  found  that  the  incidence 
of  tobacco  wildfire  cannot  be  related  to 
the  incidence  of  Phytomonas  tabaca 
inasmuch  as  the  organism  has  been 
present  in  all  tobacco  examined,  whe- 
ther exhibiting  lesions  or  free  from  all 
evidence  of  disease. 

On  the  other  hand,  normal  tobacco 
of  the  cigar-leaf  filler  type  has  been 
found  to  be  very  resistant  to  infection 
of  economic  severity  during  the  grow- 
ing season.  Normal  tobacco  contains 
a  nitrogen-potassium  ratio  of  somewhat 
less  than  one.  Tobacco  with  a  ratio 
greater  than  one  has  been  found  rela- 
tively susceptible  during  the  growing 
season. 

During  the  ripening  period,  tobacco 
may  become  susceptible  regardless  of 
previous  nutrition  if  any  significant 
amount  of  nitrogen  is  taken  up  by  the 
plant.  This  susceptibility  has  been 
found  to  be  increased  by  topping  and 
.  suckering,  practices  which  take  from 
the  plant  the  last  possibility  of  the 
normal  use  of  nitrogen  at  this  period 
in  the  proliferation  of  new  tissue. 

The  conclusion  is  drawn  that  the 
control  of  tobacco  wildfire  is  largely  a 
matter  of  plant  nutrition. 


The  Relation  of  Delayed  Ammonifi- 

CATION  AND  NITRIFICATION  TO  LeAF 

Spots  of  Tobacco.    J.  Naghski,  H. 

D.  McAuliffe,  D.  E.  Haley  and  J.  J. 

Reid,  The  Pennsylvania  Agricultural 

Experiment  Station. 

Susceptibility  of  tobacco  to  leaf  spot 

diseases  during  the  ripening  period  has 

been  found  to  be  associated  with  a 

significant    nitrogen    uptake    at    this 

stage. 

The  presence  of  nitrates  in  the  soil 
in  excessive  amounts  during  the  ripen- 
ing period  has  been  shown  to  be  due  to 
delayed  ammonification  and  nitrifica- 
tion of  the  organic  nitrogen  applied  in 
the  spring  in  some  instances,  and  in 
others  to  delayed  nitrification  of  am- 
monium salts  which  have  probably 
remained  for  extensive  periods  in  some 
relatively  insoluble  form  such  as  am- 
monium magnesium  phosphate. 

Delay  in  ammonification  and  nitrifi- 
cation is  usually  associated  with  lack 
of  sufficient  rainfall  in  the  growing 
season.  If  this  condition  is  followed 
by  rain  during  the  ripening  period  an 
excessive  amount  of  ammonification 
and  nitrification  takes  place,  the  nor- 
mal resistance  of  tobacco  to  leaf  spot 
diseases  is  lost  and  a  serious  outbreak 
of  disease  occurs. 

The  conclusion  is  drawn  from  these 
studies  that  it  is  unsafe  to  incorporate 
large  quantities  of  complex  organic 
nitrogen  in  a  soil  to  be  used  for  tobacco. 
From  this  standpoint  tobacco  should 
not  follow  a  legume  in  the  rotation  nor 
should  any  animal  manure  be  applied 
to  the  crop  that  has  not  been  previously 
rotted. 

A  Cultural  and  Serological  Study 
OF  Phytomonas  tabaca  and  Cer- 
tain Related  Forms.  J.  /.  Reid, 
J.  Naghskiy  R.  G.  Harris  and  H.  D. 
McAuliffCy  The  Pennsylvania  Agri- 
cultural Experiment  Station. 


A  study  has  been  made  of  a  number 
of  strains  of  Phytomonas  tabaca  and 
strains  of  a  few  other  species  of  the 
genus  Phytomonas  associated  with  leaf 
spot  diseases.  These  have  been  in- 
vestigated physiologically  and  sero- 
logically and  compared  with  known 
strains  of  Pseudomonas  fluorescens  and 
with  more  than  2000  isolations  of  P. 
fluorescens  from  the  leaves  of  normal, 
healthy  tobacco  and  clover. 

It  has  been  found  possible  through 
culture  in  unheated  plant  extracts  high 
in  nitrogen  to  bring  about  a  physio- 
logical adaptation  of  Pseudomas 
fluorescens  that  is  physiologically  and 


serologically  identical  with  strains  of 
Phytomonas  tabaca. 

Such  adaptation  may  be  induced 
rapidly  in  the  laboratory  and  may  be 
as  rapidly  destroyed  by  frequent  pas- 
sage through  other  laboratory  media. 

As  a  result  of  this  study  the  conclu- 
sion has  been  drawn  that  Phytomonas 
tabaca  represents  merely  a  transitory 
physiological  adaptation  of  PseudO' 
monas  fluorescens. 

The  work  with  the  other  representa- 
tives of  Phytomonas  associated  with 
leaf  spots  while  not  as  conclusive, 
suggests  that  other  members  of  the 
genus  are  also  temporary  physiological 
adaptations  of  Pseudomonas  fluorescens. 
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Studies  on  Rabies.  1.  Comparison 
OF  Guinea  Pig  and  Mouse  Inocula- 
tion Methods.  S.  Edward  Sulkin 
and  Joseph  C.  Willett,  Laboratories 
of  the  St.  Louis  Health  Division,  St. 
Louis,  Missouri. 

A  simple  technique  for  the  early 
diagnosis  of  rabies  by  mouse  inocula- 
tion is  described  as  a  convenient  means 
of  verifying  the  routine  microscopic 
(Negri  body)  method.  The  results  of 
the  experiments  presented  show  that 
(1)  the  white  mouse  is  the  animal  of 
choice  in  the  laboratory  diagnosis  of 
rabies,  Swiss  mice  being  of  no  practical 
advantage;  (2)  that  the  demonstration 
of  Negri  bodies  in  the  test  animal  is 
the  only  dependable  criterion  for  a 
positive  diagnosis  since  clinical  mani- 
festations are  frequently  too  variable 
and  indefinite  to  be  of  any  value;  (3) 
that  it  is  practical  to  attempt  demon- 
stration of  Negri  bodies  by  sacrificing 
mice  on  the  8th  or  9th  day  after  the 
inoculation;  and  (4)  that  the  mouse 
inoculation  test  offers  a  more  expedient 


and  cheaper  means  of  diagnosis  than 
the  guinea  pig  method. 

Studies  on  Rabies.    2.  Demonstra- 
tion OF  Rabies  Virus  in  Grossly 
Decomposed    Animal    Brains.    S. 
Edward  Sulkin  and  Nathan  Nagle, 
Laboratories  of  the  St.  Louis  Health 
Division,  St.  Louis,  Missouri. 
Putrified    brain    tissue    is    usually 
difficult  material  in  which  to  demon- 
strate Negri  bodies  and  for  this  reason 
the  diagnosis  of  a  decomposed  brain 
by    microscopic    examination    is    un- 
reliable. 

Experiments  are  presented  describ- 
ing a  simple  procedure  for  demonstrat- 
ing rabies  virus  in  grossly  decomposed 
animal  brains.  In  the  preliminary 
experiments  several  bactericidal  agents 
including  merthiolate,  glycerol,  phenol, 
and  ether  were  used  in  an  effort  to  find 
one  which  would  conveniently  sterilize 
the  heavily  infected  inoculum  without 
appreciably  effecting  the  virus.  Ether 
used  according  to  the  method  suggested 
by  Dr.  John  R.  Paul  (J.  Bact.,  55,  493, 
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1938)  and  others  proved  to  be  the  most 
desirable  agent.  It  was  found  that 
ether  in  final  concentration  of  10% 
exerts  a  definite  bactericidal  effect 
upon  contaminated  dog  brains  after 
exposure  for  2  hours  at  4°C.  Exposure 
to  this  concentration  of  ether  for  18 
hours  at  4°C.  had  no  effect  upon  the 
virulence  of  two  strains  of  street  virus 
tested.  The  experiments  were  con- 
ducted with  the  view  of  establishing  a 
simple  and  practical  method  for  treat- 


ing contaminated  brains  before  intra- 
cerebral injection  into  animals. 

Prophylaxis  of  Tetanus.  Philip 
Varney,  Department  of  Bacteriology, 
School  of  Medicine,  Washington 
University,  St.  Louis. 

Report  on  the  Hot  Springs,  Arkan- 
sas, Conference  on  Syphilis.  R. 
B.  H.  Gradwohl,  Gradwohl  Labora- 
tories, St.  Louis. 
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FLAVOR  OF  TURKEY  MEAT  AS  AFFECTED  BY  FEEDING  FISHMEAL 

AND  FISH  OIL^ 

By  R.  R.  Murphy,  Assistant  Professor  of  Poultry  Husbandry,  R.  V.  Boucher,  Associate 

Professor  of  Agricultural  and  Biological  Chemistry,  and  H.  C.  Knandel, 

Professor  of  Poultry  Husbandry,  The  Pennsylvania  State  College, 

State  College,  Pennsylvania,  U,  S.  A.* 


INTRODUCTION 

Under  some  conditions  of  feeding  and  manage- 
ment, feeds  of  marine  origin  when  fed  to  turkeys 
impart  a  definite  flavor  of  fish  to  the  meat.  This 
fishy  flavor  in  turkey  carcasses  has  caused  ex- 
tensive loss  to  producers  by  the  unfavorable 
reaction  created  among  consumers.  In  order 
to  avoid  the  production  of  turkey  meat  having  a 
fishy  flavor,  many  growers  have  discontinued  the 


'  Authorized  for  publication  on  September  23,  1938,  as  paper 
No.  853  in  the  Journal  Series  of  the  Pennsylvania  Agricultural 
Experiment  Station. 

'  The  authors  wish  to  acknowledge  the  assistance  of  the  Home 
Economics  Department  of  The  Pennsylvania  State  College  in 
roaatinc  the  turkeys  and  in  scoring  the  carcasses. 


use  of  fish  oil  and  fishmeal  in  the  ration  without 
realizing  the  extent  of  the  loss  of  valuable  pro- 
teins, minerals,  and  vitamins.  Many  byproduct 
feeds  of  the  fish  industry  are  important  constitu- 
ents of  the  ration  since  they  supply  a  considerablv^ 
portion  of  the  necessary  nutrients  for  satisfactory 
growth  and  bone  development. 

Only  a  limited  amount  of  information  has 
appeared  in  the  literature  concerning  the  prob- 
lem, even  though  it  is  one  of  economic  importance 
among  turkey  producers.  Carrick  and  Haug( ' 
reported  that  cod-liver  oil,  when  fed  in  sufficient 
quantity,  imparted  a  fishy  taste  to  the  flesh  of 


chickens.  A  press  release  of  the  United  States 
Department  of  Agriculture  in  December  1936 
indicated  that  fishmeal  and  cod-liver  oil,  when 
fed  separately  or  in  combination,  gave  a  fishy 
flavor  to  the  meat  of  chickens  and  turkeys.  Cosby 
and  Knowlton'*  of  the  Oregon  Agricultural  Experi- 
ment Station  have  shown  that  certain  grades  and 
combinations  of  fishmeals  and  vitamin  D  oils 
when  fed  to  turkeys  will  produce  fishy  or  off- 
flavored  carcasses  when  cooked. 

Marble,  Hunter,  Knandel,  and  Dutcher^  ob- 
served a  fishy  flavor  and  odor  in  the  roasted 
carcasses  of  turkeys  28  weeks  of  age  fed  either  1 
percent  of  a  poultry-grade  cod-liver  oil  (not 
U.S. P.)  or  10  percent  of  vacuum-dried  white  fish 
meal,  or  both,  during  the  entire  growth  period. 
A  mash  mixture  containing  these  two  ingredients 
when  fed  to  turkeys  produced  a  more  pronounced 
flavor  and  odor  than  when  fed  separately. 

These  findings  are  not  in  accord  with  those  of 
Asmundson  and  associates,^  which  indicate  that  a 
ration  containing  25  percent  of  a  high-grade  fish- 
meal when  fed  to  turkeys  for  6  or  more  weeks 
prior  to  slaughter  apparently  did  not  produce  an 
off-flavor  in  the  meat.  However,  off-flavors  and 
odors  were  observed  in  the  carcasses  of  birds  fed 
either  2  or  5  percent  of  fish  oil  and  25  percent  of 
fishmeal. 

In  the  work  of  Marble  and  coworkers^  birds 
were  removed  from  the  groups  fed  either  cod-liver 
oil  or  fishmeal  or  a  combination  of  both,  at  2,  4, 
and  8  weeks  prior  to  slaughter  and  placed  on  a 
basal  diet  containing  neither  cod-liver  oil  nor 
fishmeal.  Removal  of  both  cod-liver  oil  and  fish- 
meal from  the  diet  8  weeks  before  slaughter  prac- 
tically eliminated  the  occurrence  of  both  fishy 
flavor  and  odor. 

The  object  of  the  work  here  reported  was  to 
study  the  effect  of  various  fish  products  used  in 
turkey  rations  on  the  flavor  of  the  meat  produced, 
and  to  determine  which  products  could  be  retained 
in  the  ration  with  minimum  risk  of  imparting 
objectionable  flavors  and  odors  to  the  meat. 

EXPERIMENTAL   PROCEDURE 

Day-old  Bronze  turkey  poults  hatched  July  13, 
1937,  were  fed  for  a  period  of  8  weeks  an  all-mash, 
24-percent  protein  starting  diet  consisting  of  28 
pounds  of  ground  yellow  corn,  10  pounds  of  wheat 
bran,  10  pounds  of  standard  wheat  middlings,  10 
pounds  of  ground  heavy  oats,  5  pounds  of  alfalfa 
leaf  meal,  10  pounds  of  dry  skim  milk,  15  pounds 


»  Carrick,  C.  W.,  and  Hauge,  S.  M.    The  effect  of  cod-liver 
oil  upon  flavor  in  poultry  meat.    Poultry  Sci.  5:213-216.    1920. 


*  Cosby,  H.  E.,  and  Knowlton,  F.  L.  Third  Progress  Re- 
port on  Fishy  Flavored  Turkeys.  Oreg.  Agr.  Expt.  Sta.  (Un- 
published data.) 

6  Marblb,  D.  R.,  Hun-^er,  J.  E.,  Knandel,  H.  C,  and 
DuTCHER,  R.  A.  Fiahy  flavor  and  odor  in  turkey  meat.  Poul- 
try Sci.  17:49-53.     1938. 

«  Asmundson,  V.  S.,  Jukes,  T.  H.,  Fyler,  Harriet  M.,  and 
Maxwell,  Margaret  L.  The  effect  of  certain  fish  meals  and 
fish  oils  in  the  ration  on  the  flavor  of  the  turkey.  Poultry  Sci. 
17:147-151.    1938. 


of  meat  scrap,  10  pounds  of  white  fishmeal,   1 
pound  of  salt,  and  1  pound  of  cod-liver  oil. 

At  8  weeks  of  age  the  poults  were  divided  into 
six  groups  of  12  poults  each.  Each  group  was 
housed  in  a  10  by  12  foot  colony  brooder  house 
with  access  at  all  times  to  a  wire-covered  sun- 
porch.  The  houses  were  identically  constructed 
and  equipped.  An  all-mash  diet  containing 
approximately  20  percent  of  protein  was  fed  from 

Table  1. — Composition  of  experimental  diets 


Ingredient 


Group  No. — 


Ground  yellow  corn 

Wheat  bran 

Standard  wheat  middlings    . . 

Ground  heavy  oats 

Alfalfa  leaf  meal 

Dry  skim  milk 

Meat  scrap 

Ground  limestone 

Salt 

Cod-liver  oil  (85  units  of  vita- 
min D) 

Sardine  oil  (400  units  of  vita- 
min D) 

Cod-liver  oil  (400  units  of  vita- 
min D) 

Vacuum-dried  white  fish  meal 

Menhaden  fish  meal 


Total 100 


1 

2 

3 

4 

5 

Per- 

Per- 

Per- 

Per- 

Per- 

cent 

cent 

cent 

cent 

cent 

31 

30 

301 

30J 

31 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

10 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

17 

17 

17 

17 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

0 

0 

0 

0 

i 

0 

0 

0 

0 

0 

\ 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

100 

100 

100 

100 

100 

0 


Per- 
cent 

31 
15 
15 

10 
5 
5 
I 
1 
1 

0 


0 

0 

10 


100 


the  eighth  to  the  twenty-eighth  week  (table  1). 
The  diet  for  each  group  was  modified  as  follows: 


Group  No. 


Modifications  in  basal  ration 


1  None. 

2  1  percent  of  a  satisfactory  grade  of  cod- 

liver  oil,  commonly  used  for  animal- 
feeding,  assaying  85  Association  of  Of- 
ficial Agricultural  Chemists  chick  units 
of  vitamin  D  per  gram  in  place  of  1  per- 
cent of  ground  yellow  corn. 

3  0.25  percent  of  sardine  oil   assaying  400 

Association  of  Official  Agricultural  Chem- 
ists chick  units  of  vitamin  D  per  gram 
in  place  of  0.25  percent  of  ground  yellow 
corn. 

4  0.25  percent  of  cod-liver  oil  assaying  400 

Association  of  Official  Agricultural  Chem- 
ists chick  units  of  vitamin  D  per  gram 
in  place  of  0.25  percent  of  ground  yellow 
corn. 

5  10    percent   of    vacuum-dried   white    fish- 

meal in  place  of  10  percent  of  meat  scrap. 

6  10  percent  of  menhaden    (dark)   fishmeal 

in  place  of  10  percent  of  meat  scrap. 

At  28  weeks  of  age,  one  male  and  one  female 
from  each  of  the  6  groups,  or  12  birds  in  all,  were 
starved  for  a  period  of  24  hours  and  then  slaugh- 
tered, dry-picked,  drawn,  and  quick  frozen. 
The  carcasses  were  held  in  a  frozen  condition  for  a 
period  of  2  weeks.  Each  of  12  carcasses  was  then 
removed  and  roasted  in  a  separate  oven  at  a 
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temperature  of  325°  F.  No  filling  or  seasoning 
was  used.  During  the  roasting  period  each 
turkey  was  frequently  basted  in  its  own  juice. 
The  giblets  of  each  bird  were  boiled  in  separate 
containers. 

On  removal  from  the  oven,  each  carcass  was 
scored  individually  for  fishy  flavor  and  odor  by  20 
persons.  The  identity  of  t'he  carcasses  was  not 
disclosed  to  those  who  assisted  in  their  prepara- 
tion nor  to  those  who  participated  in  the  scoring. 
The  tasters  did  not  discuss  their  observations 
with  one  another  until  after  the  scoring  had  been 
completed.  Odor  of  each  carcass  and  flavor  of 
the  breast  meat,  thigh  meat,  giblets,  and  drippings 
were  observed  in  the  order  named.  Each  person 
indicated  the  degree  of  flavor  and  odor  of  fish  as 
none,  slight,  medium,  or  strong. 

In  place  of  a  fork,  a  new  toothpick  was  used  each 
time  a  piece  of  meat  was  tasted.  Clean  glass 
stirring  rods  were  used  for  tasting  the  drippings. 
To  destroy  the  flavor  between  samples  tasted, 
each  person  ate  a  small  piece  of  dry  bread  and 
drank  black  coffee  before  proceeding  to  the  next 
sample.  A  new  paper  cup  was  used  for  each 
serving  of  coffee.  Every  precaution  was  taken 
to  avoid  the  possibility  of  the  flavor  of  one  sample 
influencing  the  flavor  of  another.  Since,  in  pre- 
vious work,  a  close  correlation  existed  between 
the  scorings  of  hot  and  cold  meat,  all  carcasses 
were  scored  only  while  the  meat  was  hot. 

RESULTS    AND   DISCUSSION 

It  is  realized  that  taste  and  smell  are  senses 
which  are  very  difficult  to  measure  quantitatively. 
Variation  was  found  to  exist  in  the  taste  reaction 
of  different  individuals.  In  order  to  overcome 
this  variation  as  many  tasters  as  feasible  were 
used.  Imagination  seemed  to  influence  the 
decision  of  some  tasters,  who  reported  fishy  flavor 
and  odor  in  carcasses  of  turkeys  fed  the  basal  diet 
containing  neither  fishmeal  nor  oil.  Others  did 
not  detect  either  the  flavor  or  odor  of  fish  in 
samples  in  which  both  were  very  apparent  to  most 
tasters.  However,  the  scores  of  all  individuals 
who  participated  in  the  scoring  of  the  carcasses 
are  included  in  tables  2  and  3. 

A  greater  degree  of  fishy  flavor  was  observed 
in  the  dark  meat  than  in  the  white  meat.  In  the 
drippings  the  fishy  flavor  was  more  pronounced 
than  in  the  meat.  This  was  true  for  all  five  groups 
in  which  a  substitution  had  been  made  in  the  basal 
diet.  These  observations  are  in  accord  with  those 
of  Marble  and  associates.^ 

The  distribution  of  scores  recorded  by  20  ob- 
servers on  the  flavor  of  the  breast  meat,  thigh 
meat,  giblets,  and  drippings  is  shown  in  table  2. 
Table  3  presents  the  distribution  of  scores  on  the 
odor  of  the  entire  carcass.  One  percent  of  cod- 
liver  oil  of  a  grade  commonly  used  for  animal 
feeding,  when  fed  in  a  ration  without  fishmeal  to 
turkeys  for  a  period  of  20  weeks  previous  to  time 


7  See  footnote  5. 


of  slaughtering,  imparted  to  the  meat  a  definite 
fishy  flavor  and  odor.  One-fourth  of  1  percent  of 
a  high-potency  vitamin  D  oil  was  fed  in  a  ration 
without  fishmeal  to  each  of  two  groups  of  turkeys. 
These  high-potency  oils  supplied  to  the  ration 
practically  the  same  number  of  units  of  vitamin 
D  as  1  percent  of  the  85  unit  cod-liver  oil.  The 
carcasses  of  turkeys  fed  one-fourth  of  1  percent 
of  high-potency  oil  were  practically  free  from 
any  flavor  or  odor  of  fish. 

A  slight  flavor  and  odor  of  fish  were  detected 
in  the  carcasses  of  turkeys  fed  a  ration  containing 
either  10  percent  of  menhaden  (dark)  fishmeal  or 
10  percent  of  vacuum-dried  white  fishmeal.  Ten 
percent  of  menhaden  fishmeal  in  a  ration  without 
fish  oil  seemed  to  impart  a  slightly  stronger  flavor 
and    odor    than    vacuum-dried    white    fishmeal. 

Table  2.— Distribution  of  scores  made  by  20  observers  for  fishy 
flavor  in  the  cooked  meat  of  28-week-old  turkeys 

Breast  meat 


Substitutions  in  basal 
ration' 


Scores  for  female 

turkeys  showing 

indicated  degree 

of  fishy  flavor 


a 

5 

3 

c 
o 

.SP 

-^ 

S 

Z 

c» 

S 

ai 

Scores  for  male 
turkeys  showing 
indicated  degree 

of  fishy  flavor 


s 

-*a 

3 

M 

C 

o 

1 

C 

2 

z 

02 

s 

None 

1  percent  cod-liver  oil  . . 
0.25  percent  sardine  oil 
0.25  percent  cod-liver  oil 
10  percent  white  fishmeal 
10  percent  menhaden  fish- 
meal   


No. 

No. 

No. 

No. 

No. 

No. 

No. 

20 

0 

0 

0 

20 

0 

0 

11 

5 

4 

0 

16 

3 

0 

20 

0 

0 

0 

19 

1 

0 

20 

0 

0 

0 

18 

2 

0 

18 

2 

0 

0 

19 

1 

0 

18 

1 

1 

0 

20 

0 

0 

No. 

0 
1 
0 
0 
0 

0 


Thigh  meat 


None 

1  percent  cod-liver  oil     . 
0.25  percent  sardine  oil 
0.25  percent  cod-liver  oil 
10  percent  white  fishmeal 
10  percent  menhaden  fish- 
meal   


20 

0 

0 

0 

19 

1 

0 

7 

4 

6 

3 

13 

5 

1 

19 

1 

0 

0 

15 

5 

0 

19 

1 

0 

0 

15 

5 

0 

15 

3 

2 

0 

15 

5 

0 

17 

2 

1 

0 

15 

4 

1 

0 

1 

0 
0 
0 

0 


Giblets 

None 

20 

0 

0 

0 

17 

3 

0 

0 

1  percent  cod-liver  oil 

10 

5 

2 

3 

16 

2 

2 

0 

0.25  percent  sardine  oil 

18 

2 

0 

0 

16 

3 

1 

0 

0.25  percent  cod-liver  oil 

19 

1 

0 

0 

15 

4 

0 

1 

10  percent  white  fishmeal    . 

15 

3 

2 

0 

15 

5 

0 

0 

10  percent  menhaden  fish- 

meal   

12 

7 

1 

0 

15 

3 

2 

0 

Drippings 


None 

1  percent  cod-liver  oil 

0.25  percent  sardine  oil  . . . 
0.25  percent  cod-liver  oil 
10  percent  white  fishmeal   . 
10  jiercent  menhaden  fish 
meal 


19 

1 

0 

0 

14 

5 

1 

3 

3 

6 

8 

9 

4 

5 

15 

3 

2 

0 

14 

3 

3 

19 

1  . 

0 

0 

11 

6 

3 

10 

6 

3 

1 

11 

4 

3 

9 

7 

4 

0 

8 

6 

6 

0 
2 
0 
0 
2 


^  Fed  for  a  period  of  20  weeks  before  slaughtering. 
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Carcasses  of  turkeys  fed  1  percent  of  cod-liver  oil 
exhibited  a  more  pronounced  fishy  flavor  and  odor 
than  did  those  fed  10  percent  of  either  white  or 
dark  fishmeal. 

At  28  weeks  of  age  all  turkeys  on  experiment 
were  examined  and  the  conformation  of  the  breast- 
bone noted.  The  breastbone  of  each  bird  was 
classified  as  straight  or  as  one  of  three  arbitrarily 

Table  3. — Distribution  of  scores  made  by  20  observers  for  fishy 
odor  in  the  cooked  meat  of  28-week-old  turkeys 


Substitutions  in  basal 
ration' 

Scores  for  female 

turkeys  showing 

indicated  degree 

of  fishy  odor 

Scores  for  male 

turkeys  showing 

indicated  degree 

of  fishy  odor 

o 

c 
o 

No. 

No. 

B 

3 

No. 

a 

2 
•t-» 

No. 

o 

c 
o 

:?: 

No. 

53 
No. 

a 

3 

No. 

2 

•*> 
m 

No. 

None 

20 
1 

0 

7 

0 
6 

0 
6 

13 
10 

7 
4 

0 
5 

0 

1  percent  cod-liver  oil 

1 

0.25  percent  sardine  oil  ... 

13 

7 

0 

0 

14 

4 

2 

0 

0.25  percent  cod-liver  oil. . . 

19 

1 

0 

0 

10 

7 

3 

0 

10  percent  white  fishmeal  .. 

9 

9 

2 

0 

12 

7 

1 

0 

10  percent  menhaden  fish- 

meal  

8 

10 

2 

0 

9 

9 

1 

1 

'  Fed  for  a  period  of  20  weeks  before  slaughtering. 

Table  4. — Effect  of  vitamin  D  in  the  ration  on  conformation  of 
breasWone  of  69  turkeys  28  weeks  of  age 


Groups 

Turkeyi 

3  having  indicated  breastbone 
conformation 

Straight 

Slightly 
formed 

De- 
formed 

Very  de- 
formed 

Number 

Number 

Number 

Number 

Fed  vitamin  D: 

No.  2 

10 

2 

0 

0 

No.  3 

11 

1 

0 

0 

No.4 

7 

1 

1 

2 

Total 

28 

4 

1 

2 

Fed  no  vitamin  D: 

No.  1 

6 

4 

0 

1 

No.  5 

7. 

0 

1 

3 

No.  6 

7 

2 

1 

2 

Total 

20 

6 

2 

6 

chosen  degrees  of  deformity,  namely,  very  de- 
formed, deformed,  and  slightly  deformed.  Table 
4  gives  a  summary  of  these  observations.  From 
a  limited  number  of  observations  there  was  evi- 
dence to  indicate  that  the  retention  of  a  source  of 
vitamin  D  in  the  ration  during  the  period  of 
growth  had  a  beneficial  effect  on  the  conformation 
of  the  breastbone. 


SUMMARY 


Under  some  conditions  of  feeding  and  manage- 
ment, feeds  of  marine  origin  when  fed  to  turkeys 
impart  a  definite  flavor  of  fish  to  the  meat.  This 
fishy  flavor  in  turkey  carcasses  has  caused  exten- 
sive loss  to  producers  by  the  unfavorable  reaction 
created  among  consumers.  In  order  to  avoid  the 
production  of  turkey  meat  having  a  fishy  flavor, 
many  growers  have  discontinued  the  use  of  fish 
oil  and  fishmeal  in  the  ration  without  realizing 
the  extent  of  the  loss  of  valuable  proteins,  miner- 
als, and  vitamins.  Many  byproduct  feeds  of  the 
fish  industry  are  important  constituents  of  the 
ration  since  they  supply  a  considerable  portion  of 
the  necessary  nutrients  for  satisfactory  growth 
and  bone  development. 

The  object  of  the  work  here  reported  was  to 
study  the  effect  of  various  fish  products  used  in 
turkey  rations  on  the  flavor  of  the  meat  produced 
and  to  determine  which  products  could  be  re- 
tained in  the  ration  as  sources  of  protein,  min- 
erals, and  vitamins  with  minimum  risk  of  im- 
parting objectionable  flavors  and  odors  to  the 
meat. 

Twelve  carcasses  of  turkeys  fed  different  fish 
products  for  varying  periods  of  time  were  roasted 
in  separate  ovens.  The  degree  of  fishy  flavor  in 
the  breast  meat,  thigh  meat,  giblets,  and  drip- 
pings was  determined  by  20  observers.  The 
degree  of  fishy  odor  also  was  determined  for  all 
carcasses. 

Carcasses  of  turkeys  28  weeks  of  age  which  had 
received  a  ration  containing  1  percent  of  cod-liver 
oil  but  no  fishmeal  for  a  period  of  20  weeks  prior 
to  slaughter  exhibited  a  pronounced  fishy  flavor 
and  odor  when  cooked.  When  0.25  percent  of 
either  of  two  high-potency  vitamin  D  oils  was  fed 
in  a  ration  without  fishmeal  to  turkeys  of  the  same 
age  and  for  the  same  period  of  time,  carcasses 
were  produced  which  when  roasted  were  prac- 
tically free  from  any  flavor  or  odor  of  fish. 

Evidence  was  obtained  which  indicated  that  a 
slight  flavor  and  odor  of  fish  were  present  in  the 
carcasses  of  turkeys  fed  a  ration  containing 
either  10  percent  of  menhaden  (dark)  fishmeal  or 
10  percent  of  vacuum-dried  white  fishmeal.  Ten 
percent  of  menhaden  fishmeal  appeared  to  impart 
a  slightly  stronger  fishy  flavor  and  odor  than 
vacuum-dried  white  fishmeal.  Carcasses  of  tur- 
keys fed  1  percent  of  cod-liver  oil  exhibited 
a  more  pronounced  flavor  and  odor  than  did 
those  fed  10  percent  of  either  white  or  dark  fish- 
meal. 

Limited  evidence  was  obtained  which  indicated 
that  retention  of  a  source  of  vitamin  D  in  the  ra- 
tion throughout  the  growing  period  influenced 
favorably  the  production  of  straight  breastbones. 


Reprinted  from  the  Proceedings  or  thr  Society  poft  Experimental  Biology  and 
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Comparative  Nutritive  Value  of  Firm  and  Watery  Egg  Albumen.* 

N.  B.  GUERRANT  AND  W.  J.  RuDY. 
From  the  Pennsylvania  State  College. 

The  question  of  egg  quality  has  become  a  matter  of  economic 
concern  to  the  producer,  the  distributor  and  to  the  consumer.  Inves- 
tigators who  have  attempted  to  study  this  problem  have  been  unable 
to  agree  as  to  what  constitutes  tgg  quality.  Needless  to  say  this 
lack  of  agreement  has  been  a  considerable  handicap  to  researches 
along  this  line.  However,  in  spite  of  this  lack  of  agreement  as  to  the 
characteristics  of  quality,  eggs  with  excessive  amounts  of  watery 
white  have  been  discriminated  against  by  the  consumer  and  also  by 
the  wholesale  distributor,  mainly  because  the  former  has  found  that 
such  eggs  present  a  less  desirable  appearance  when  poached  or  fried 
than  do  eggs  having  the  firm  white.  In  contrast  to  this  particular 
objection,  some  researches  have  shown  that  the  watery  tgg  white  has 
more  desirable  whipping  qualities  than  does  the  firm  white.  While 
watery  and  firm  albumen  differ  markedly  in  physical  characteristics, 
no  data  are  available  to  show  that  they  differ  in  nutritive  properties. 

Because  of  the  increasing  interest  in  the  subject  of  egg  quality,  it 
appeared  to  us  that  an  effort  should  be  made  to  determine  whether 
the  physical  state  of  the  albumen  (watery  or  firm)  of  a  freshly  laid 
egg  is  an  index  of  nutritive  value.  With  this  point  in  view,  a  series 
of  studies  were  made  to  determine  the  nutritive  value  of  the  two 
types  of  albumen  as  indicated  by  their  relative  capacity  to  produce 
growth  in  healthy  young  rats. 

The  eggs  used  in  these  studies  were  obtained  from  hens  that 
were  receiving  an  all-mash  ration.    The  eggs  were  gathered  and  their 

♦Authorized  for  publication  on  November  19,  1938,  as  paper  No.  861  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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fractionation  carried  out  on  the  same  day  that  they  were  laid.  The 
method  employed  in  fractionating  the  eggs  was  as  follows:  After 
breaking  the  shell,  the  total  albumen  was  carefully  separated  from 
the  yolk  and  poured  on  a  brass  sieve  (openings  2.14  mm  in  diameter) 
while  the  yolk  itself  was  placed  in  a  separate  glass  receptacle.  That 
portion  of  the  albumen  which  passed  through  screen  was  designated 
as  the  watery  albumen  while  that  retained  by  the  screen  was  like- 
wise designated  as  firm  albumen. 

After  all  eggs  had  been  fractionated  in  this  manner,  each  of  the 
3  portions,  viz.,  yolks,  watery  albumens,  and  firm  albumens,  was 
thoroughly  mixed  and  weighed  in  order  to  determine  its  relative 
percentage  in  the  original  eggs.  A  weighed  portion  of  the  yolk  and 
of  the  watery  albumen  was  recombined  so  as  to  give  a  mixture 
having  the  same  relative  composition  as  the  original  eggs.  A  similar 
mixture  was  made  using  weighed  portions  of  the  yolk  and  firm 
albumen.  Each  mixture  of  yolk  and  albumen  was  then  coagulated 
by  heating  in  a  double  boiler,  broken  into  small  lumps  and  dried 
on  cheesecloth  in  a  current  of  warm  air.  The  dried  product  was 
mixed,  ground  to  a  satisfactory  degree  of  fineness  and  stored  in  an 
electric  refrigerator  until  fed  to  the  test  animals.  For  the  first 
nutritional  test  the  eggs  were  prepared  in  small  weekly  batches,  while 
for  the  second  test  sufficient  eggs  were  prepared  at  the  beginning  of 
the  experiment  to  last  during  the  entire  period. 

The  nutritional  studies  consisted  in  feeding  carefully  matched 
groups  of  healthy  young  rats,  maintained  in  individual  metal  cages, 
a  diet  consisting  of  one  of  the  tgg  combinations.  In  order  to  bring 
about  a  more  favorable  mineral  balance  calcium  carbonate  was  fed 
ad  lib.  It  was  believed  that  differences  in  the  nutritive  value  of  the 
2  types  of  albumen  would  be  more  readily  demonstrated  if  the  test 
diet  consisted  entirely  of  the  tgg  products.  The  amount  of  ^gg  fed 
daily  was  restricted  so  that  each  test  animal  consumed  the  same 
amount  of  the  dried  tgg  during  the  weekly  period.  The  amount  of 
diet  was  increased  from  week  to  week  in  order  to  compensate  for 
increases  in  body  weight  of  the  animals.  A  liberal  amount  of  cal- 
cium carbonate  (U.S. P.  grade)  was  maintained  in  a  separate  con- 
tainer in  each  cage.  Each  animal  was  weighed  at  weekly  intervals 
and  was  given  the  usual  care  and  attention  accorded  experimental 
animals.  The  first  feeding  test  was  continued  for  a  period  of  10 
weeks  while  the  second  test  lasted  12  weeks.  It  was  believed  that 
experiments  of  this  duration  were  sufficient  to  determine  whether  or 
not  marked  differences  existed  in  the  nutritive  value  of  the  two  types 
of  albumen. 
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The  growth  responses  made  by  these  groups  of  animals  are  pre- 
sented in  the  accompanying  graph. 

Curves  A  and  B  represent  the  average  growth  response  of  the 
test  animals  used  in  the  first  feeding  test,  while  curves  C  and  D 
represent  similar  data  for  the  animals  used  in  the  second  test.    The 
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Average  growth  responses  of  young  rats  receiving  diets  composed  entirely  of 
dried  eggs.    These  diets  differd  only  in  the  type  of  albumen  which  they  contained. 
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enclosed  numerals  denote  the  number  of  test  animals  considered  in 
each  feeding  test. 

It  may  be  observed  from  the  above  graph  that  the  growth  re- 
sponses made  by  the  animals  receiving  the  diets  containing  the  2 
types  of  albumen  are  quite  similar  for  both  feeding  trials.  In  the 
first  test  (Curves  A  and  B)  the  animals  which  received  the  watery 
albumen  made  slightly  greater  gains  in  body  weight  than  did  their 
litter  mates  which  received  a  similar  diet  containing  firm  albumen. 
The  growth  response  made  by  the  test  animals  used  in  the  second 
feeding  test  (Curves  C  and  D)  was  of  approximately  the  same 
magnitude  as  that  of  the  first  test,  but  in  this  trial  the  animals  re- 
ceiving the  diet  containing  the  firm  albumen  made  the  greatest  aver- 
age gain.  The  average  gains  for  the  12-week  period  were  119  and 
115  g,  respectively. 

When  the  above  growth  responses  were  considered  as  a  whole, 
from  the  standpoint  of  growth  production  per  unit  weight  of  mois- 
ture-free diet  consumed,  it  was  found  that  one  gram  of  the  diet 
containing  the  firm  albumen  produced  an  average  gain  in  body- 
weight  of  0.2817  g,  while  an  equal  weight  of  the  diet  containing  the 
watery  albumen  produced  a  gain  of  0.2813  g.  Such  diflFerences  in 
growth  responses  are  not  significant.  It,  therefore,  appears  from  the 
data  obtained  in  the  above  feeding  tests  that  there  is  no  difference 
in  the  nutritive  value  of  the  2  types  of  egg  albumen. 

Summary.  Groups  of  young  rats  were  fed  diets  composed  solely 
of  dried  egg  products,  the  difference  in  the  diets  being  the  type  of 
albumen  which  they  contained.  The  resultant  growth  of  these 
animals  indicates  that  there  is  no  difference  in  nutritive  value  of 
watery  and  firm  albumen. 
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THE   QUANTITATIVE   DETERMINATION   OF 

VITAMIN  C  IN  MILK 

Eecent  studies^'  ''■  '•  *  have  shown  that  there  are  a 
number  of  important  factors  which  may  influence  the 
results  obtained  in  the  determination  of  vitamin  C  in 
milk  by  titration  with  2,6-dichlorobenzenoneindophenol. 
Such  variables  as  temperature,  light,  method  of  stand- 
ardizing  the   dye    (2,6-dichlorobenzenoneindophenol), 
stability  of  the  dye,  contact  of  the  milk  with  oxygen, 
catalytic  elements  present  and  methods  of  precipitating 
milk  protein  have  been  outstanding  in  these  reports. 
The  present  work  was  undertaken  to  simplify  and  to 
make  reproducible  a  quantitative  procedure  for  deter- 
mining the  total  amount  of  vitamin  C  in  milk  as  it 
comes  from  the  dairy  cow. 

Kon  and  Watson'  have  shown  that  ascorbic  acid 
(vitamin  C)  in  milk  as  it  leaves  the  cow's  teat  is  in  the 
reduced  form.    In  this  form  the  vitamin  C  content  of 
milk  may  be  determined  quantitatively  by  direct  titra- 
tion with  2,6-dichlorobenzenoneindophenol.    Should  the 
milk,  however,  in  the  process  of  collection,  be  exposed 
even  very  briefly  to  contact  with  air,  catalytic  metals, 
light  or  heat,  an  unavoidable  loss  of  ascorbic  acid 
occurs  due  to  oxidation.    In  order  to  eliminate  ^e 
effect  of  these  factors  in  collecting  samples  directly 
from  cows  of  the  college  herd,  a  special  apparatus  was 

devised  (See  Fig.  1).  .  ,      j  :„c;/io 

A  500  ml  dark-glass  bottle  (A)  was  placed  inside 
a  2-liter  beaker  and  surrounded  with  ice  and  water 
This  was  done  a  short  time  prior  to  milking  in  order 
that  the  bottle  might  become  thoroughly  chilled.     Ihe 

''I  r"'b.  MuUn  and  C.  G.  King,  Jour.  Biol.  Ckem.,  116: 
'V^n:  Whitnah,  W.  H.  Biddell  and  W.  J.  Caulfield, 

'rsTio:'::ru]%%'^^^%cner..  jou^^^  31=  223, 

1937. 
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Fig.  1 

bottle  was  fitted  with  a  3-holed  rubber  stopper. 
Through  one  hole  of  this  stopper  projected  a  glass 
adapter  (B)  having  a  funnel  stem.  A  dark  rubber 
tube  (C),  thin  enough  to  be  quite  pliable  and  about 
one  inch  in  diameter,  was  stretched  over  the  adapter 
and  pulled  down  to  the  rubber  stopper.  The  upper 
part  of  this  tube  extended  about  three  inches  above 
the  top  of  the  adapter  and  was  the  part  which  was 
slipped  over  the  teat  of  the  cow  during  milking.  A 
tube  fitted  with  a  Bunsen  valve  (D)  passed  through 
another  hole  in  the  stopper.  Another  glass  tube  (E) 
passed  through  the  third  hole  and  was  provided  with  a 
short  length  of  rubber  tubing  so  that  it  could  be  closed 
off  with  a  pinch  clamp.  The  size  of  this  tube  was  such 
as  to  permit  the  insertion  of  a  10  ml  bulb  pipette  for 
removal  of  samples.  Before  milking,  the  air  in  the 
dark  bottle  was  expelled  through  the  Bunsen  valve  by 
closing  all  outlets  with  pinch  clamps  and  fiushing  with 
carbon  dioxide  from  a  pressure  tank. 


To  determine  if  the  ascorbic  acid  of  milk  obtained 
in  the  above  apparatus  was  completely  in  the  reduced 
form,  two  samples  were  removed  and  titrated  imme- 
diately, while  other  samples  were  subjected  to  treat- 
ment with  hydrogen  sulfide  and  then  titrated  after 
removing  excess  hydrogen  sulfide  with  carbon  dioxide. 
Typical  results  are  given  in  Tables  1  and  2. 

TABLE  1 
Titration  op  Untreated  Milk  Samples 


Ml  milk 


Ml  dye 


Mg  ascorbic  acid    Mg  ascorbic  acid 
per  aliquot  per  liter 


10.00 
10.00 


1.90 
1.91 


Average 


0.2280 
0.2292 
0.2286 


22.80 
22.92 
22.86 


TABLE  2 
Titration  op  Hydrogen  Sulfide  Treated  Samples 


Length  of       Mg  ascorbic 
Ml  milk     Ml  dye  treatment  in        add  per 

minutes  aliquot 


Mg  ascorbic 

acid  per 

liter 


10.00 
10.00 

10.00 
10.00 

10.00 


1.91 
1.91 

1.92 
1.91 

1.91 


10  0.2292 

10  0.2292 

Average  0.2292 
30  0.2304 

30  0.2292 

Average  0.2298 
100  0.2292 


22.92 
22.92 
22.92 
23.04 
22.92 
22.98 
22.92 


The  instability  of  2,6-dichlorobenzenoneindophenol 
solutions  reported  by  some  workers  was  satisfactorily 
overcome  by  preliminary  extraction  of  the  dye  with 
anhydrous  ethyl  ether.  Solutions  of  dye,  thus  purified, 
and  standardized  according  to  the  methods  of  Menaker 
and  Guerrant,«  remained  perfectly  stable  and  gave 
sharp  end  points  over  a  period  of  21  days. 

Metaphosphoric  acid  was  found  by  Fujita  and 
Iwatake,^  Lyman,  Schultze  and  King«  and  others  to 
protect  vitamin  C  in  solution  against  oxidation.  This 
property,  combined  with  the  protein-precipitating  abil- 
ity of  metaphosphoric  acid,  was  made  use  of  m  the 

6  M.  H.  Menaker  and  N.  B.  Guerrant,  Jour,  Ind.  Eng. 
Chem.y  Anal.  Ed.,  10:  25,  1938.  ^^ 

7  A.  Fujita  and  D.  Iwatake,  Biochem.  Zeits,,  J7  / .  ^y^, 

^^B  C.  M.  Lyman,  M.  O.  Schultze  and  C.  G.  King,  Jour. 
BioL  Chem.y  118:  757,  1937. 
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present  work  in  preparing  milk  samples  for  titration. 
To  eliminate  the  uncertain  protein-precipitating  power 
encountered  with  ordinary  metaphosphoric  acid  solu- 
tions, the  required  volume  of  a  stable  sodium  metaphos- 
phate  solution,  prepared  by  the  method  of  Briggs,^  was 
acidified  just  before  each  titration  and  added  to  the 
milk.  Using  10  ml  of  10  per  cent,  sodium  metaphos- 
phate  solution,  the  addition  of  0.6  ml  of  concentrated 
hydrochloric  acid  was  found  to  bring  the  pH  of  the 
solution  to  a  point  (pH  2.5-3.0)  where  immediate  and 
complete  flocculation  of  protein  resulted  upon  addition 
of  the  metaphosphate  solution  to  10  ml  of  milk. 

Titrations  were  made  in  the  presence  of  precipitated 
milk  protein.  By  repeated  centrifuging  and  washing 
of  the  milk  protein  followed  by  separate  titrations  of 
combined  centrifugate  and  protein  residue,  it  was 
found  that  slightly  higher  ascorbic  acid  values  were 
obtained  in  titrations  of  milk  in  the  presence  of  pre- 
cipitated protein.  However,  upon  the  addition  of  pure 
ascorbic  acid  to  the  protein  residues  and  repetition  of 
the  centrifuging  procedures  and  titrations,  it  was 
shown  that  the  slightly  higher  apparent  values  obtained 
in  the  presence  of  milk  protein  were  due  to  adsorption 
of  negatively  charged  dye  by  positively  charged  pro- 
tein. No  adsorption  of  ascorbic  acid  by  the  milk  pro- 
tein could  be  demonstrated. 

The  new  apparatus  and  improved  technique  provides 
a  simple  but  reliable  method  of  obtaining  and  deter- 
mining vitamin  C  of  milk  in  its  naturally  occurring 
form.  The  improvements  mentioned  should  be  of  value 
in  following  fluctuations  of  vitamin  C  in  milk  at  dif- 
ferent stages  of  lactation,  at  various  seasons  of  the 
years,  during  feeding  experiments  and  under  numerous 
other  conditions. 

Claude  A.  Knight 
R.  Adams  Butcher 

N.  B.  GUERRANT 

Department  of  Agriculture  and 
Biological  Chemistry, 
The  Pennsylvania  State  College 

9D.  Briggs,  Troc.  Soc.  Exp,  Biol,  and  Med,,  37:  634, 
1938. 
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Problems  of  Feeding 
Cigarleaf  Tobacco 

By  D.  E.  Haley 

Pennsylvania  State  College  of  Agriculture,  State  College,  Pennsylvania 


THE  problems  involved  in  the  pro- 
duction   of    cigarleaf    tobacco    in 
Lancaster   County,  the   center   of   the 
tobacco  industry  of  Pennsylvania,  are 
many  and  varied.  Those  who  are  pri- 
marily interested  in  fundamental  stud- 
ies pertaining  to  this   particular  crop 
fuUv  realize  that  any  recommendations 
they  may  care  to  make,  and  especially 
those  which  involve  a  marked  change 
in  the  agricultural  practices  commonly 
employed  in  the  handling  of  this  crop, 
must  be  made  in  the  direct  interest  of 
the  grower,  the  manufacturer,  and  the 

consumer.  .  . 

The  average  tobacco  grower  ot  this 
locality  produces  his  tobacco  on  soils 
which  for  the  most  part  have  been 
under  cultivation  for  200  years  In 
certain  instances  he  has  changed  his 
practices  as  a  matter  of  convenience. 


At  other  times  he  has  accepted  certain 
recommendations  from  State  and  fed- 
eral  representatives   which   have   been 
based    on    sufficient   experimental    evi- 
dence. In  large  measure,  however,  the 
methods  he  employs  in  producing  to- 
bacco are  based  primarily  on  personal 
experience    and    observations.     He    is 
open-minded,  however,  and  will  make 
certain  fundamental  changes  if  he  fully 
realizes  that  it  is  to  his  interest  to  do 
so.  In  this  he  is  aided  materially  by  the 
advice  of  the  local  County  Agent,  Floyd 
S.    Bucher,    an    experienced    tobacco 
grower  himself  and  one  who  is  in  close 
Touch  with  those  engaged  in  tobacco 

research.  , 

The  consumer  demands  among  other 
things  a  cigar  that  burns  well  and 
which  appeals  to  him  from  the  stand- 
point of  taste  and  aroma.    The  manu- 


facturers have  endeavored  to  stand- 
ardize their  product  to  meet  with  the 
approval  of  the  consumer  and  with  a 
remarkable  degree  of  success,  when  it  ^ 
is  considered  that  the  tobacco  they 
use  may  have  been  produced  under 
widely  different  environmental  condi- 
tions. However,  the  quality  of  their 
final  product  is  closely  associated  with 
the  quality  of  the  original  leaf  itself. 

Use  of  Nitrogen  and  Potash 

The  inherent  qualities  of  the  leaf, 
sought  for  by   the   manufacturer   and 
consumer,  depend  primarily  upon  the 
way  it  has  been  handled  on  the  farm. 
The   problems  relating  to  production, 
therefore,   become    of    paramount   im- 
portance.  These  involve,  among  many 
other  things,  the  rational  use  of  nitro- 
gen and  potash  as  fertilizing  materials. 
No  attempt  is  made  to  minimize  the 
importance  of  nitrogen  in  the  nutrition 
of   cigarleaf   tobacco.     An  attempt   is 
made,  however,  to  call  attention  to  the 
possible   danger   of   adding   an   excess 
and  to  stress  the  importance  of  ready 

availability. 

Nitrogen  is  absorbed  and  utilized 
normally  by  the  growing  plant  in  the 
early  stages  of  growth,  provided  that 
It  is  supplied  in  a  readily  available  form. 


A  good  field  of  cigarleaf  tobacco 


indicated  by  characteristic  symptoms  of 
potash  deficiency  during  the  growing 
season.  In  these  cases  a  marked  in- 
crease in  yield  may  be  noted  when  this 
particular  fertilizer  is  applied.  Of  far 
greater  importance,  however,  is  the 
effect  of  potash  on  quality. 

When  a  limited  quantity  of  available 
potash  is  present,  this  tends  to  become 
localized  in  the  upper  portions  of  the 
tobacco  plant.  If  the  proper  quantity 
is  available,  there  tends  to  be  a  more 
uniform  distribution  of  this  material 
throughout  the  plant. 

How  Potash  Affects  Quality 

It  is  a  coriiparatively  easy  matter  to 
demonstrate  to  all  concerned  that  there 
is  more  or  less  of  a  definite  relationship 
between  the  potash  content  of  the  plant 
and  "wrapper"  production,  other  things 
being  equal.  As  the  grower  obtains 
far  more  financial  returns  from  "wrap- 
pers" than  from  a  lesser  grade  known 
as  "fillers,"  this  becomes  a  factor  which 
he  cannot  well  ignore. 

It  is  a  matter  of  common  knowledge 
that  a  high  potash  content  in  the  leaves 
reduces  transpiration  and  therefore  re- 
sults in  a  better  economy  of  the  mois- 
ture supply.  This  is  in  part  due  to  the 
formation  of  "cutin"  which  is  found  on 
the  surface  of  the  leaves,  a  factor  of 
great  importance  during  a  drouth,  as  it 
interferes  with  the  passage  of  moisture 
from  the  leaf  to  the  atmosphere. 

No  element  plays  a  greater  role  in 
the  burning  quality  of  tobacco  than 
does  potassium.  Moreover,  this  ele- 
ment, in  combination  with  malic  and 
citric  acids,  appears  to  furnish  a  con- 
siderable amount  of  the  energy  neces- 
sary for  the  bacteria  normal  to  the  fer- 
mentation process. 

The  maximum  benefits  of  a  potash 
application  are  governed  to  a  consider- 
able extent  by  a  number  of  environ- 
mental factors.  The  soil  should  be 
slightly  acid,  should  contain  a  minimum 
of  nitrogen  organically  combined,  and 
should  be  properly  balanced  with  re- 
spect to  the  other  necessary  fertilizer 
ingredients. 
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facturers  have  endeavored  to  stand- 
ardize their  product  to  meet  with  the 
approval  of  the  consumer  and  with  a 
remarkable  degree  of  success,  when  it 
is  considered  that  the  tobacco  they 
use  may  have  been  produced  under 
widely  different  environmental  condi- 
tions. However,  the  quality  of  their 
final  product  is  closely  associated  with 
the  quality  of  the  original  leaf  itself. 

Use  of  Nitrogen  and  Potash 

The  inherent  qualities  of  the  leaf, 
sought  for  by  the  manufacturer  and 
consumer,  depend  primarily  upon  the 
way  it  has  been  handled  on  the  farm. 
The  problems  relating  to  production, 
therefore,  become  of  paramount  im- 
portance. These  involve,  among  many 
other  things,  the  rational  use  of  nitro- 
gen and  potash  as  fertilizing  materials. 

No  attempt  is  made  to  minimize  the 
importance  of  nitrogen  in  the  nutrition 
of  cigarleaf  tobacco.  An  attempt  is 
made,  however,  to  call  attention  to  the 
possible  danger  of  adding  an  excess 
and  to  stress  the  importance  of  ready 
availability. 

Nitrogen  is  absorbed  and  utilized 
normally  by  the  growing  plant  in  the 
early  stages  of  growth,  provided  that 
It  is  supplied  in  a  readily  available  form. 


After  the  plant  is  "topped"  the  ab- 
sorption and  utilization  of  nitrogen 
appear  to  be  more  harmful  than  bene- 
ficial. A  marked  absorption  of  nitrogen 
at  this  stage  lowers  the  resistance  and 
increases  the  susceptibility  of  the  leaf 
to  invasion  by  certain  disease  organ- 
isms. This  condition  is  not  so  apparent 
if  the  rainfall  is  at  a  minimum  during 
this  period.  Heavy  rainfall,  however, 
will  greatly  aggravate  this  condition. 

Nitrogen  is  absorbed  more  readily 
than  is  potash  under  normal  conditions. 
Moreover,  excessive  quantities  of  avail- 
able nitrogen  tend  to  depress  the  ab- 
sorption of  potash,  a  point  which  should 
be  considered  where  quality  produc- 
tion is  involved. 

Contrary  to  popular  belief,  Pennsyl- 
vania cigarleaf  tobacco  is  not  a  high 
nitrogen  tobacco.  A  concentration  of 
3.5%  in  the  mature  leaf  will  suffice  if 
the  concentration  of  potash  is  in  excess 
of  this  figure. 

Stable  forms  of  nitrogen  such  as 
proteins  contribute  to  certain  qualities 
within  the  leaf  itself.  These  com- 
pounds are  not  broken  down  during 
fermentation,  and  a  relatively  high 
concentration  of  proteins  is  not  neces- 
sarily conducive  to  a  good  smoke.  Sim- 
pler    nitrogen    compounds    must    be 
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Potash   Irons   out   the  leaf,   giving   it    a   smooth    surface   and   improved  ««««'••    .j^eft   ^"  J*:'*'"'*^ 
with    1,000   lb.   of   complete    fertiliser   containing    16%  pota&h;    center   with    1,000    lb.   carrying   4/o 

potash;   right,  no   fertiliser. 


broken  down  and  dissipated  before  the 
product  is  placed  on  the  market.  A 
high  concentration  of  these  may  even 
prevent  a  satisfactory  fermentation. 

It  is  quite  apparent,  therefore,  that 
considerable  attention  should  be  given 
to  the  kind  and  quantity  of  nitrogen 
to  apply.     If  a  grower  chooses  to  use 
30    lbs.    of    nitrogen    per    acre,    it    is 
thought  at  the   present  time   that   20 
lbs.   should  be   in  a   readily   available 
form   such  as   nitrate.     On  the  other 
hand,  10  lbs.  of  the  nitrogen  should  be 
in  the  form  of  cottonseed  meal  or  its 
equivalent.    This  is  to  guard  against 
adverse  weather  conditions,  but  exces- 
sive quantities  of  cottonseed  meal  rnust 
be  avoided  as  the  nitrogen  is  not  in  a 
readily  available  form  and  the  chances 
appear  good  that  more  nitrogen  will 
be  made   available   through   decompo- 
sition in  the  later  rather  than  in  the 
earlier  stages   of  growth,  which   may 
be  more  harmful  than  beneficial. 

Owing  to  the  fact  that  these  soils 
have  been  under  cultivation  for  so 
long  a  period  of  time,  it  is  quite  pos- 


sible and  very  probable  that  the  con- 
centration of  certain  elements  neces- 
sary for  the  growth  of  tobacco  has  been 
reduced  to  a  minimum.  Among  these 
may  be  mentioned  manganese,  boron, 
zinc,  and  a  number  of  others  of  the 
less  common  elements.  It  is  apparent, 
therefore,  that  a  maximum  develop- 
ment of  a  root  system  is  necessary  to 
insure  an  extensive  feeding  area  which 
will  tend  to  insure  the  absorption  of 
the  necessary  quantities  of  these  ele- 
ments. This  holds  true  likewise  for 
potash,  as  the  total  absorption  of  this 
material  appears  to  be  closely  associated 
with  the  extent  of  root  development. 

The  grower  has  realized  that  a  good 
physical  condition  of  his  soil  is  neces- 
sary for  cultivation,  aeration,  and  root 
development.  In  order  to  accomplish 
this  purpose,  and  to  obtain  the  maxi- 
mum benefits  of  a  fertilizer  applica- 
tion, some  growers  have  resorted  to 
the  use  of  well-rotted  manure.  This 
practice  is  to  be  highly  recommended 
as  here  is  found  a  quantity  of  elements, 
including  nitrogen,  in  readily  available 


forms.  At  the  same  time  there  is  the 
further  possibility  that  certain  organic 
compounds  may  have  a  direct  benefi- 
cial effect  on  the  growth  of  the  plants. 

Other  growers  have  resorted  to  ap- 
plications of  fresh  manure  to  accom- 
plish the  same  purpose.  This  practice 
is  not  to  be  recommended. 

While  fresh  manure  contains  some 
nitrogen  in  a  rather  available  form,  a 
far  larger  quantity  is  present  in  un- 
available form.  Manure  must  undergo 
decomposition  before  the  greater  quan- 
tity of  nitrogen  is  made  available.  As 
in  the  case  of  cottonseed  meal,  there 
is  the  possibility  that  more  nitrogen 
is  made  available  in  the  later  rather 
than  in  the  earlier  stages  of  growth. 
Whether  or  not  this  deleterious  effect 
may  be  avoided  and  the  necessary  phys- 
ical effects  obtained  through  the  prac- 
tice of  adding  the  fresh  manure  to  the 
corn  crop  preceding  tobacco  remain  to 
be  seen.  If  fresh  manure  must  be  used, 
it  should  be  supplemented  with  a  fer- 
tilizer mixture  carrying  a  higher  con- 
centration of  potash  than  is  ordinarily 
recommended. 

Other  growers  have  sought  to  im- 
prove the  physical  condition  of  their 
soils  by  following  clover  or  alfalfa  with 
tobacco.  Many  years  of  experience  lead 
one  to  believe  that  this  practice  is  to  be 
avoided,  as  these  residues  contain  nitro- 
gen in  difficultly  available  forms.  Evi- 
dence shows  that  more  nitrogen  is  ab- 
sorbed from  legume  residues  in  the 
later  stages  of  growth.  Moreover,  some 
results  have  been  obtained  which 
showed  more  than  5%  of  nitrogen  in 
the  mature  leaf,  without  any  further 
nitrogen  addition.  Furthermore,  the 
potash  content  of  these  leaves  is  usu- 
ally at  a  very  low  level. 

From  what  has  been  said  it  is  evident 
that  a  considerable  amount  of  atten- 
tion should  be  given  to  the  quantity  and 
kind  of  nitrogen  fertilizers  to  use  for 
cigarleaf  tobacco.  It  is  apparent  that 
organic  carriers  of  nitrogen  should  be 
reduced  to  a  minimum. 

Many  soils  in  Lancaster  County  are 
decidedly  low  in  available  potash,  as 


indicated  by  characteristic  symptoms  of 
potash  deficiency  during  the  growing 
season.  In  these  cases  a  marked  in- 
crease in  yield  may  be  noted  when  this 
particular  fertilizer  is  applied.  Of  far 
greater  importance,  however,  is  the 
effect  of  potash  on  quality. 

When  a  limited  quantity  of  available 
potash  is  present,  this  tends  to  become 
localized  in  the  upper  portions  of  the 
tobacco  plant.  If  the  proper  quantity 
is  available,  there  tends  to  be  a  more 
uniform  distribution  of  this  material 
throughout  the  plant. 

How  Potash  Affects  Quality 

It  is  a  comparatively  easy  matter  to 
demonstrate  to  all  concerned  that  there 
is  more  or  less  of  a  definite  relationship 
between  the  potash  content  of  the  plant 
and  "wrapper"  production,  other  things 
being  equal.  As  the  grower  obtains 
far  more  financial  returns  from  "wrap- 
pers" than  from  a  lesser  grade  known 
as  "fillers,"  this  becomes  a  factor  which 
he  cannot  well  ignore. 

It  is  a  matter  of  common  knowledge 
that  a  high  potash  content  in  the  leaves 
reduces  transpiration  and  therefore  re- 
sults in  a  better  economy  of  the  mois- 
ture supply.  This  is  in  part  due  to  the 
formation  of  "cutin"  which  is  found  on 
the  surface  of  the  leaves,  a  factor  of 
great  importance  during  a  drouth,  as  it 
interferes  with  the  passage  of  moisture 
from  the  leaf  to  the  atmosphere. 

No  element  plays  a  greater  role  in 
the  burning  quality  of  tobacco  than 
does  potassium.  Moreover,  this  ele- 
ment, in  combination  with  malic  and 
citric  acids,  appears  to  furnish  a  con- 
siderable amount  of  the  energy  neces- 
sary for  the  bacteria  normal  to  the  fer- 
mentation process. 

The  maximum  benefits  of  a  potash 
application  are  governed  to  a  consider- 
able extent  by  a  number  of  environ- 
mental factors.  The  soil  should  be 
slightly  acid,  should  contain  a  minimum 
of  nitrogen  organically  combined,  and 
should  be  properly  balanced  with  re- 
spect to  the  other  necessary  fertilizer 
ingredients. 


It  is  evident  that  the  fertilizer  treat- 
ment for  a  given  soil  should  vary  to 
some  extent  in  a  given  locality.  Ex- 
cellent results  have  been  noted  through- 
out the  County  where  a  4-8-12,  3-8-12, 
3-12-12,  3-8-16  or  3-5-12  mixture  has 
been  used.  It  is  quite  evident,  how- 
ever, that  it  is  not  economical  for  a 
fertilizer  manufacturer  to  place  on  the 
market  a  wide  variety  of  tobacco  fer- 
tilizers. At  the  present  time,  it  is  be- 
lieved that  either  a  4-8-12  or  a  3-8-12 
mixture  will  meet  the  average  condi- 
tions prevailing  in  this  locality,  on  soil 
following  corn,  to  which  well-rotted 
manure    has    been    applied    in    ample 


quantities  and  the  fertilizer  applied  at 
the  rate  of  1,000  lbs.  per  acre.  The  cost 
of  such  an  application  is  well  within 
the  reach  of  the  average  grower  from  a 
financial  standpoint. 

If  these  recommendations  are  fol- 
lowed out,  other  things  being  equal,  a 
maximum  concentration  of  potash  is 
obtained  in  the  leaves  and  a  somewhat 
lower  nitrogen  content  will  prevail,  a 
condition  which  favors  quality  and 
yield.  At  the  same  time  the  plants  are 
far  less  susceptible  to  certain  bacterial 
diseases  which  are  common  to  the  to- 
bacco crop. 
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It  is  evident  that  the  fertilizer  treat- 
ment for  a  given  soil  should  vary  to 
some  extent  in  a  given  locality.     Ex- 
cellent results  have  been  noted  through- 
out the  County  where  a  4-8-12,  3-8-12, 
3-12-12,  3-8-16  or  3-5-12  mixture  has 
been  used.     It  is  quite  evident,  hov^- 
ever,  that  it  is  not  economical  for  a 
fertilizer  manufacturer  to  place  on  the 
market  a  w^ide  variety  of  tobacco  fer- 
tilizers.   At  the  present  time,  it  is  be- 
lieved that  either  a  4-8-12  or  a  3-8-12 
mixture  v^ill  meet  the  average  condi- 
tions prevailing  in  this  locality,  on  soil 
following   corn,   to   which   well-rotted 
manure    has    been    applied    in    ample 


quantities  and  the  fertilizer  applied  at 
the  rate  of  1,000  lbs.  per  acre.  The  cost 
of  such  an  application  is  well  within 
the  reach  of  the  average  grower  from  a 
financial  standpoint. 

If  these  recommendations  are  fol- 
lowed out,  other  things  being  equal,  a 
maximum  concentration  of  potash  is 
obtained  in  the  leaves  and  a  somewhat 
lower  nitrogen  content  will  prevail,  a 
condition  which  favors  quality  and 
yield.  At  the  same  time  the  plants  are 
far  less  susceptible  to  certain  bacterial 
diseases  which  are  common  to  the  to- 
bacco crop. 
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STUDIES  ON  THE  COMPOSITION  OF  BOVINE  BLOOD  AS 
INFLUENCED  BY  GESTATION,  LACTATION, 

AND  AGE^ 

WADAEAN   L.   KENNEDY,   ARTHUR   K.   ANDERSON, 

S.  I.  BECHDEL,  and  J.  F.  SHIGLEY 

From  the  Departments  of  Dairy  Husbandry  and  Agricultural  and  Biological 

Chemistry  of  The  Pennsylvania  State  College, 
State  College,  Pennsylvania 

In  1930  Anderson,  Gayley,  and  Pratt  (1),  of  this  laboratory,  published 
a  paper  on  the  chemical  composition  of  bovine  blood.  In  their  work  blood 
samples  were  taken  at  random  from  the  dairy  herd,  the  object  being  to 
determine  normal  values  for  many  of  the  blood  constituents.  Perhaps  the 
most  interesting  point  brought  out  in  their  study  was  the  wide  variation  in 
the  glucose  content  of  the  blood  of  animals  in  the  different  age  groups. 

The  work  reported  in  this  paper  is  a  more  detailed  study  of  the  effect  of 
gestation  and  lactation  on  a  few  of  the  more  important  constituents  of  the 
blood  which  might  be  expected  to  vary  under  these  conditions.  There  is 
also  reported  a  detailed  study  of  blood  glucose  values  in  calves'  blood  in  an 
attempt  to  explain  the  high  sugar  values  found  as  compared  with  the  blood 
of  older  animals. 

METHODS 

Blood  samples  were  taken  between  6 :  00  and  7 :  00  a.m.,  usually  before 
feeding.  Two  samples  were  drawn  from  the  jugular  vein,  one  in  20  mg.  of 
potassium  oxalate  per  10  cc.  of  blood  and  the  other  without  oxalate.  The 
oxalated  sample  was  used  for  the  determination  of  non-protein  nitrogen  and 
glucose.  From  the  sample  without  oxalate  the  serum  was  separated  by 
means  of  a  centrifuge  within  one  hour  after  drawing  and  the  serum  used 
for  the  determination  of  calcium  and  phosphorus. 

Non-protein  nitrogen  was  determined  by  the  method  of  Folin  and  Wu 
(7),  and  glucose  by  the  method  of  Folin  (6),  on  a  laked  blood  filtrate.  In 
most  cases  the  glucose  method  was  modified  by  using  a  standard  containing 
0.1  mg.  of  glucose  per  2  cc.  This  was  necessary  because  the  glucose  content 
of  cow's  blood  is  about  one-half  that  of  human  blood. 

Serum  was  analyzed  for  calcium  by  the  method  of  Clark  and  Collip  (4), 
and  for  phosphorus  by  the  method  of  Youngburg  (24). 

In  the  studies  on  carbohydrate  tolerance  the  method  of  Killian  (13)  was 
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used.    A  technical  grade  of  glucose  was  dissolved  in  water  to  make  a  50  per 
cent  solution  and  administered  as  a  drench. 

EXPERIMENTAL 

1.   Influence  of  Gestation  and  Lactation  on  the  Composition  of 

Bovine  Blood 

Since  the  complete  analysis  of  blood  requires  much  time,  it  was  felt  that 
the  work  might  be  lightened  by  a  careful  selection  of  determinations  to  be 
made    Many  of  the  determinations  made  in  a  blood  analysis  are  for  nitroge- 
nous constituents  which  are  included  in  the  non-protein  nitrogen  fraction. 
Therefore  it'  was  felt  that  non-protein  nitrogen  values  would   indicate 
whether  or  not  any  of  the  components  of  this  fraction  were  varying.    A 
knowledge  of  non-protein  nitrogen  values  would  also  serve  as  an  excellent 
measure  of  kidney  function  throughout  the  experimental  period.    Since 
previous  work  (1)  had  indicated  that  the  glucose  content  of  bovine  blood 
varied  considerably  with  age,  it  was  felt  that  this  determination  should  be 
included.     Calcium  and  phosphorus  determinations  were  included  because 
during  pregnancy  and  lactation  extraordinary  demands  are  placed  on  the 
reserves  of  these  elements  in  the  body. 

In  this  study  the  blood  of  the  experimental  animals  was  analyzed  at 
approximately  weekly  intervals  from  the  time  of  breeding  through  one  year 
of  lactation.  Since  the  time  required  to  follow  the  same  group  of  animals 
throughout  the  entire  period  of  gestation  and  lactation  was  prohibitive,  two 
groups  of  animals  were  used.  Group  I  consisted  of  five  heifers  (two  Hol- 
steins,  two  Guernseys,  and  one  Jersey)  that  had  been  bred  for  the  first  time 
and  Group  II  consisted  of  five  cows  (four  Holsteins  and  one  Jersey)  that 
had  just  dropped  their  first  calf.  The  animals  were  selected  from  the  pure- 
bred dairv  herd  of  The  Pennsylvania  State  College.  They  received  the 
regular  ration  fed  the  dairy  herd.  All  samples  were  analyzed  in  duplicate 
and  the  average  of  these  results  was  used. 

The  data  obtained  in  this  study  indicated  that  gestation  and  lactation 
had  little  effect  on  the  blood  constituents  determined.  Since  the  presenta- 
tion of  these  data  would  require  a  table  containing  over  1,300  values,  it 
appeared  desirable  to  summarize  the  data  in  Table  1  and  comment  on  a  few 
of  the  results  that  perhaps  are  significant. 

Non-protein  m/rogen.— Non-protein  nitrogen  values  ranged  from  21.01 
to  45.71  mg.  per  100  cc.  of  blood,  the  average  value  being  32.82.  These 
values  do  not  differ  significantly  from  those  which  one  would  expect  to  find 
for  normal  human  blood.  The  average  value  during  gestation  is  about  2.0 
mg.  less  than  the  average  value  during  lactation.  The  results  agree  with 
those  of  Anderson,  Gayley  and  Pratt  (1)  and  Hayden  and  ShoU  (10). 
Immediately  after  parturition  non-protein  nitrogen  values  were  above 
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TABLE  1 

Showing  the  composition  of  cow's  'blood  from  the  time  of  breeding  through 

one  year  of  lactation 


Number 

of 
animals 


Constituents 
determined 


Number 

of 
determi- 
nations 


High 


Low 


Average 


From  breeding  to  parturition 


mg.  per  100  cc. 


Non-protein  nitrogen 

164 

45.71 

21.01 

31.83 

5 

Glucose 

171 

68.00 

60.70 

52.51 

Calcium 

166 

12.90 

7.70 

10.73 

Phosphorus 

161 

7.54 

4.16 

5.64 

From  parturition  through  lactation 


Non-protein  nitrogen 

168 

45.58 

21.24 

33.82 

Glucose 

171 

52.33 

37.80 

51.73 

Calcium 

166 

13.20 

9.00 

11.08 

Phosphorus 

164 

7.49 

3.38 

5.23 

From  breeding  through  lactation 


Non-protein  nitrogen 

332 

45.71 

21.01 

32.82 

10 

Glucose 

342 

68.00 

37.80 

52.12 

Calcium 

332 

13.20 

7.70 

10.91 

Phosphorus 

325 

7.54 

3.38 

5.44 

average,  the  values  of  the  five  animals  being  34.28,  39.09,  41.73,  43.33  and 

44.11  mg. 

During  a  period  of  severe  cold  weather,  where  the  temperature  remained 
below  zero  most  of  the  time  for  about  three  weeks,  non-protein  nitrogen 
values  were  from  5  to  10  mg.  higher  than  they  were  just  previous  and  just 
after  this  period.  Since  the  animals  did  not  drink  as  much  water  as  usual 
during  the  cold  weather,  this  may  explain  the  high  results.  Peters  and  Van 
Slyke  (16)  state  that  non-protein  nitrogen  values  in  human  blood  are 
increased  with  a  low  water  intake. 

Glucose. — The  results  for  glucose  gave  an  average  of  52.12  mg.  per  100 
cc.  of  blood  for  342  determinations.  Values  ranged  from  31.8  to  71.4  mg. 
The  low  value  is  questionable,  since  for  the  previous  week  this  animal  gave 
a  value  of  46.6  mg.  and  on  the  following  week  50.7  mg.  At  no  other  time 
throughout  the  experiment  did  the  value  for  this  animal  go  below  46.2  mg. 
The  second  lowest  value  for  any  animal  was  37.8  mg.     The  average  value  of 

52.12  mg.  is  in  close  agreement  with  that  reported  by  Hodgson,  Riddell  and 
Hughes  (12) ;  Anderson,  Gayley  and  Pratt  (1) ;  and  Hayden  and  ShoU 

(10). 

There  was  no  significant  difference  in  the  glucose  content  of  the  blood  of 
the  pregnant  non-lactating  animals  and  of  the  lactating  group.  The  former 
group  gave  an  average  of  52.51  mg.  while  the  latter  gave  51.73  mg.  Con- 
siderable work  has  been  reported  on  the  effect  of  lactation  on  blood  sugar 
values.     Among  those  who  have  found  low  values  for  lactating  animals  may 
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be  mentioned  Widmark  and  Carlens  (23)  ;  Hewitt  (11)  ;  Hodgson,  Riddell 
and  Hughes  (12) ;  Schlotthauer  (19) ;  Schwarz  (20)  ;  Schwarz  and  Mezler- 
Andelberg  (21).     Moussu  and  Moussu  (15)   and  Fish   (5)   report  higher 
values  for  lactating  cows  than  for  dry  cows.     Scheunert  and  Pelchrzim 
(18)  •  Awdejewa,  Prowatorowa,  Sawitsch,  and  Thai  (3) ;  and  Hayden  and 
Fish  '(9)  found  no  difference  in  the  blood  sugar  level  between  dry  and  lac- 
tating cows.  ,  .  ,  . „_. 
Calcium.-The  values  for  calcium  on  blood  serum  were  fairly  constant 
throughout  the  experiment,  most  of  the  values  falling  between  9.0  and  11.5 
mg   per  100  cc.     As  a  result  of  332  determinations,  values  were  obtained 
ranging  from  7.7  to  13.2  mg.,  the  average  value  being  10.91  mg.  per  100  cc. 
of  serum.     Pregnancy  and  lactation  apparently  had  little  effect  on  the  cal- 
cium content  of  the  blood,  the  average  value  for  the  former  period  being 
10  73  mg.  and  for  the  latter  11.08  mg.     Our  results  agree  with  the  findings 
of  Meigs,  Blatherwick  and  Gary  (14) ;  Robinson  and  Huffman  (17) ;  and 

Phosphorus.-The  values  for  inorganic  phosphorus  in  the  serum  re- 
mained fairly  constant  throughout  pregnancy  and  lactation.  As  a  result  ot 
325  analyses,  values  were  obtained  ranging  from  3.38  to  7.54  mg.  per  100  cc. 
The  average  value  was  5.44  mg.  per  100  cc.  During  pregnancy  the  average 
value  was  5.64  mg.,  while  during  lactation  it  was  5.23  mg.  In  previous  work 
from  this  laboratory  (1)  it  has  been  shown  that  serum  phosphorus  values 
decrease  with  age.  Since  in  this  experiment  we  were  dealing  with  young 
animals  bearing  their  first  calf,  it  is  quite  possible  that  he  slightj,  lower 
values  for  phosphorus  during  lactation  are  due  to  an  age  factor  rather  than 
to  lactation.     The  above  values  agree  closely  with  the  results  obtained  by 

others  (1,  14,  17). 

2.    Blood  Sugar  Studies 

If  one  compares  the  composition  of  human  blood  with  that  of  the  cow, 
the  most  striking  difference  is  found  in  the  sugar  content.  No™al  human 
blood  contains  in  the  neighborhood  of  100  mg.  of  glucose  per  100  cc.  whereas 
cow's  blood  contains  approximately  50  mg.  per  100  cc.  When  tlie  glu  ose 
value  of  human  blood  reaches  45  mg.  per  100  cc.  it  is  said  to  be  a  he  con- 
vulsive level.  Why  a  cow  can  be  normal  with  the  blood  sugar  at  the  con- 
vulsive level  for  humans  is  an  interesting  question.  Since  sheep  22)  and 
goats  (9)  also  have  low  blood  sugar  values  it  would  appear  that  a  ow  level 
of  blood  sugar  is  characteristic  of  ruminants.  Dogs  and  horses  (9)  have 
blood  sugar  values  approximating  that  of  -^ ^     %^  ^  tl    he  use  S 

(2)  have  definitely  higher  values  than  man.     From  studies  with  the  use  of 
nsulin  in  diabetes  it  is  known  that  there  is  a  definite  relationship  between 
the  amount  of  insulin  given  to  an  individual  and  ^^l"^''^ '""f'^'lf-J' 
would  be  an  interesting  study  to  determine  the  insulin  content  of  the  pan- 
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creases  of  different  species  and  to  observe  any  correlation  between  these 
findings  and  tbe  normal  blood  sugar  levels  for  these  species. 

Blood  sugar  and  age. — A  very  interesting  fact  brought  out  in  a  previous 
study  (1)  of  the  blood  sugar  of  bovines  was  that  in  young  calves  blood  sugar 
values  are  twice  as  high  as  in  mature  cows.  This  has  suggested  a  more 
detailed  stud}^  of  the  influence  of  age  on  blood  sugar  values.  For  this  study 
two  groups  of  calves  were  selected ;  the  first  group  consisting  of  three  calves 
less  than  a  week  old  and  the  second  group  of  two  calves  five  months  of  age. 
The  two  groups  were  selected  in  order  to  cover  approximately  the  first  year 
of  life  in  the  six  months  available  for  the  work.  Samples  were  taken  usually 
at  8 :  30  A.M.  after  feeding  and  at  weekly  intervals  covering  the  first  47 
weeks  of  life.     The  results  are  shown  graphically  in  Figure  1. 


Aac  IN  WtiKS 

Fig.  1.     Showing  variation  in  blood  sugar  values  of  calves  as  influenced  by  age. 

It  may  be  observed  from  Figure  1  that  for  the  first  week  of  life  the 
average  blood  sugar  value  was  125.0  mg.  per  100  cc.  of  blood.  By  the  end 
of  the  second  week  the  average  value  had  dropped  to  102.5  mg.  and  by  the 
end  of  the  fourth  week  to  83.3  mg.  For  the  next  three  weeks  values  in- 
creased and  then  they  decreased.  Considerable  variation  was  observed  until 
the  thirtieth  week  when  the  curve  became  quite  smooth  to  the  end  of  the 
period  when  a  value  of  54.4  mg.  was  reached,  which  is  about  the  value  to  be 
expected  for  a  mature  animal. 

Diurnal  variation  in  blood  sugar. — The  fluctuations  in  the  first  half  of 
the  curve  shown  in  Figure  1  suggested  a  possible  diurnal  variation  in  blood 
sugar  values.  In  order  to  study  this  an  experiment  was  run  on  two  calves 
over  a  period  of  24  hours.  Blood  samples  were  taken  frequently  throughout 
this  period.  The  results  are  shown  graphically  in  Figure  2.  The  first 
samples  were  taken  before  feeding  in  the  morning  and  the  last  samples 
before  feeding  the  following  morning.  The  blood  sugar  averaged  80.8  mg. 
per  100  cc.  on  the  first  morning  and  80.5  mg.  on  the  second.  Samples  taken 
one  hour  after  the  morning  feeding  showed  an  average  glucose  value  of 
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129.4  mg.  per  100  cc.  This  value  gradually  decreased  until  at  2 :  00  p.m.  the 
value  was  86.6  mg.  The  calves  were  fed  again  at  4:30  p.m.  and  blood 
samples  were  drawn  again  at  5 :  00  p.m.  At  this  time  the  average  glucose 
value  was  114.2  mg.  The  reason  that  this  value  did  not  equal  the  level  of 
129.4  mg.,  reached  one  hour  after  feeding  in  the  morning,  is  undoubtedly 
due  to  the  fact  that  only  30  minutes  elapsed  from  the  time  of  feeding  until 
the  blood  sample  was  drawn  in  this  case.  By  11 :  30  p.m.  the  glucose  value 
had  decreased  to  96  mg. 

From  this  experiment  it  is  readily  seen  that  there  is  a  marked  diurnal 
variation  in  the  blood  sugar  values  of  calves  which  is  associated  with  feed- 
ing. Since  the  calves  were  being  fed  mainly  milk,  the  high  blood  sugar 
values  may  easily  be  accounted  for  by  the  high  lactose  content  of  the  diet. 


Fig.  2. 


TIME   OF  SAMPLING 

Showing  diurnal  variation  in  blood  sugar  of  calves  less  than  one  month  of 


age. 

Each  calf  received  13  pounds  of  milk  a  day  which  would  contain  about  0.6 
pound  of  lactose.  Thus  at  each  feeding  a  calf  received  about  0.3  pound  or 
135  gm.  of  lactose.  If  in  the  case  of  a  calf,  milk  passes  directly  into  the 
abomasum  and  shortly  into  the  intestine,  there  would  be  little  delay  in  the 
digestion  and  absorption  of  lactose  after  milk  is  consumed. 

When  a  carbohydrate  tolerance  test  is  given  in  human  medicine  the 
patient  is  given  1.75  gms.  of  glucose  per  kilogram  of  body  weight.  Since 
the  average  weight  of  the  calves  in  this  experiment  was  87  pounds,  the 
amount  of  sugar  each  received  per  feeding  amounted  to  about  3.4  gms.  per 
kilogram  of  body  weight  or  about  twice  the  amount  given  to  a  human  in  a 
sugar  tolerance  test.  This  would  easily  account  for  the  rise  in  blood  sugar 
after  feeding.  It  is  evident  from  this  experiment  that  blood  sugar  values 
in  calves  must  be  interpreted  on  the  basis  of  time  of  sampling  in  relation 

to  time  of  feeding. 

Sugar  tolerance  fes^s.— Although  the  feeding  of  large  quantities  of  milk 
accounts  in  large  measure  for  the  high  blood  sugar  values  observed  in  the 
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above  experiment,  it  does  not  account  for  the  fact  that  even  before  feeding, 
calves  have  higher  blood  sugar  values  than  mature  cows. 

In  human  nutrition  it  is  recognized  that  the  digestive  mechanism  is  not 
highly  developed  in  an  infant.  An  infant  may  thrive  on  its  mother's  milk 
but  may  fail  to  develop  properly  on  a  modified  cow's  milk.  This  may  be 
due  to  the  fact  that  the  infant  has  the  digestive  enzymes  capable  of  handling 
human  milk  while  it  may  be  lacking  in  enzymes  capable  of  digesting  the 
slightly  modified  molecules  in  cow's  milk.  It  is  quite  possible  that  the  same 
situation  holds  with  regard  to  the  endocrine  system  of  a  young  animal.  If 
the  pancreas  of  a  young  animal  produces  a  limited  supply  of  insulin,  this 
might  easily  account  for  the  high  blood  sugar  in  young  calves.  It  is  possible 
that  a  calf  may  have  diabetic  tendencies. 

In  human  medicine,  when  a  person  is  suspected  of  having  diabetes,  it  is 
customary  to  make  a  carbohydrate  tolerance  test  in  which  1.75  gms.  of  glu- 
cose per  kilogram  of  body  weight  is  fed  to  the  individual  and  the  influence 
of  such  treatment  on  the  blood  sugar  level  is  determined  by  frequent  blood 
analyses.  In  order  to  determine  whether  or  not  calves  have  less  ability  to 
utilize  sugar  than  cows,  the  following  carbohydrate  tolerance  tests  were 
made.    The  results  are  shown  graphically  in  Figure  3. 

Eighteen  animals  ranging  in  age  from  less  than  one  month  to  mature 
cows  were  divided  into  eight  groups  on  the  basis  of  age  as  indicated  in 
Figure  3.  Each  animal  was  given  a  carbohydrate  tolerance  test  by  feeding 
1.75  gms.  of  glucose  per  kilogram  of  body  weight  administered  as  a  drench 
in  a  50  per  cent  solution. 

Immediately  before  feeding  the  sugar  meal  blood  samples  were  taken  and 
analyzed  for  glucose.  After  the  sugar  meal,  blood  samples  were  drawn  at 
the  end  of  one,  two,  three  and  four  hours  and  likewise  analyzed  for  glucose. 
The  values  are  plotted  in  Figure  3  for  each  animal. 

It  is  evident  from  Figure  3  that  animals  less  than  one  month  of  age  show 
a  much  less  rapid  utilization  of  glucose  than  the  animals  of  the  older  groups. 
As  age  increases  there  is  better  and  better  utilization  of  glucose  until  in  the 
bred  heifer  and  lactating  cow  groups  there  is  only  a  slight  elevation  of 
blood  sugar  values  after  the  sugar  meal.  Animals  A-202  and  A-187  do  not 
appear  to  fit  into  the  general  picture.  In  the  case  of  A-187  a  possible 
explanation  may  be  that  this  calf  had  been  allowed  to  nurse  different  cows 
until  it  was  four  months  of  age  and  thereby  may  have  developed  the  ability 
of  taking  care  of  more  sugar  than  the  other  calves.  It  should  also  be  noted 
that  both  A-202  and  A-187  started  the  carbohydrate  tolerance  test  at  much 
lower  blood  sugar  levels  than  their  mates.  It  is  possible  that  this  low 
initial  blood  sugar  level  indicates  a  glycogen  depletion  at  the  outset  of  the 
test  and  that  the  sugar  fed  was  used  immediately  for  the  production  of 
glycogen.     However  the  odd  responses  of  these  two  animals  may  be  more 
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Fig.  3.     Showing  results  of  sugar  tolerance  tests  on  animals  of  various  ages. 


simply  explained  by  assuming  that  they  have  developed  an  efficient  glucose 
utilization  mechanism  at  an  early  age. 

From  this  experiment  it  is  apparent  that  calves,  especially  very  young 
calves,  are  less  able  to  metabolize  glucose  than  older  animals.  It  would 
appear  that  the  most  logical  explanation  is  that  in  very  j^oung  calves  the 
pancreas  is  not  producing  as  much  insulin  as  in  older  animals.  It  would  be 
an  interesting  study  to  compare  the  insulin  content  of  the  pancreases  of 
young  calves  and  older  cows.  If  it  were  found  that  the  pancreases  of  older 
animals  were  richer  in  insulin  than  those  of  young  animals  this  information 
might  find  a  valuable  application  in  the  commercial  manufacture  of  insulin. 

SUMMARY 

The  blood  of  heifers  has  been  analyzed  at  weekly  intervals,  from  the  time 
of  breeding  through  one  year  of  lactation,  for  non-protein  nitrogen,  glucose, 
calcium  and  phosphorus.  There  is  little  variation  in  these  blood  constitu- 
ents as  influenced  by  gestation  and  lactation.  Average  values  for  non-pro- 
tein nitrogen  were  32.82;  for  glucose  52.12;  for  calcium  10.91  and  for  phos- 
phorus 5.44  mg.  per  100  cc. 

Blood  glucose  values  are  definitely  related  to  age.  Blood  from  calves 
less  than  one  week  of  age  contained  125  mg.  of  glucose  per  100  cc.  This 
value  gradually  decreased  to  54.4  mg.  per  100  cc.  of  blood  at  the  end  of  a 
year. 

There  is  a  diurnal  variation  in  the  glucose  content  of  calves'  blood. 
Directly  after  feeding  milk,  blood  sugar  values  increase  sharply. 

Carbohydrate  tolerance  tests  on  animals  of  various  age  groups  indicate 
very  little  response  to  sugar  feeding  in  the  older  groups  but  a  decided 
response  in  young  calves. 
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OUR  DEBT  TO  EVAN  PU6H 


by  R.  Adams  Dutcher 


Editor's  Note:  This  article  is  the  first  in  a 
series  by  the  author  in  which  he  deals  with 
the  life  of  one  who  had  much  to  do  with 
laying  the  foundation  on  which  the  educa- 
tional and  research  program  of  Penn  State 
was  built.  Dr.  Dutcher  first  presented  the 
material  herein  contained  at  an  initiation 
banquet  of  Gamma  Sigma  Delta.  He  has 
put  it  into  print  at  the  special  request  of 
Dean  R.  L.  Watts.  The  author  wishes  to 
acknowledge  the  use  of  the  research  papers 
published  by  Dr.  Runkle,  the  College  Hist- 
orian, on  the  life  of  Evan  Pugh. 


WE  are  all  proud  of  the  repu- 
tation Penn  State  has  achiev- 
ed in  teaching  and  research 
but  I  feel  that  few  of  us  appreciate 
the  work,  worry  and  sacrifice  of  those 
who  have  gone  before  and  who  have 
made  Penn  State  what  she  is  today. 
I  have  chosen  to  write  of  a  man  who, 
more  than  any  other  single  individ- 
ual, is  responsible  for  the  policies  and 
ideals  which  we  have  come  to  know 
as  characteristic  of  our  institution. 
This  man  is  Dr.  Evan  Pugh,  first 
president  of  the  Pennsylvania  State 
College  and  one  of  the  most  disting- 
uished agricultural  chemists  and  ed- 
ucators of  his  time. 

Like  the  brilliant  French  scientist 
Lavoisier,  Pugh  died  in  his  thirties 
and,  like  Lavoisier,  the  shadow  of  his 
genius  will  persist  through  the  years. 

Born  in  February,  1828,  in  Chest- 
er County,  Pennsylvania,  he  attend- 
ed district  school  for  a  time  but  most 
of  his  early  education  was  obtained 
by  home  study  and  private  tutelage. 
His  father,  who  was  of  Welch-Quaker 
descent,  died  in  1 840,  leaving  a  small 
farm  and  a  blacksmith  and  wheel- 
wright shop.  His  grandfather,  who 
was  made  his  guardian,  apprenticed 
him  to  a  blacksmith  with  the  hope 
that  he  would  follow  in  his  father's 
footsteps.  For  two  unhappy  years 
(until  he  was  18)  he  served  his  ap- 
prenticeship. 

He  finally  purchased  his  release  and 
attended  the  "Manual  Labor  Acad- 
emy" at  Whitestown,  New  York, 
where  he  studied  Analytical  Geome- 
try, Differential  and  Integral  Calcu- 
lus' Astronomy,  Botany,  Physics,  Ge- 
ology and  Chemistry.  He  returned 
from  the  Academy  with  the  definite 
conviction  that  teaching  should  be  his 
Ufe  work.  Consequendy,  he  trans- 
formed the  second  story  of  his  father's 


shop  into  a  school   which  he  called 
the  Jordan  Bank  Academy. 

During  this  period  he  was  uncon- 
sciously forming  ideas  that  were  to 
influence  his  actions  and  thinking  for 
the  rest  of  his  life.  While  he  taught 
his  students,  he  was  busy  managing 
the  estate,  direcdng  the  planting  and 
harvesting  of  crops  and  cogitating  on 
the  applications  of  science  to  agricul- 
ture and  successful  farming.     In  18- 


Dr.   Evan  Pugh,  first   President  of  the 
Pennsylvania  State  College. 


53,  as  a  result  of  good  management 
and  industry,  he  disposed  of  the  pro- 
perty for  $2800  and  prepared  to  em- 
bark for  Germany,  France  and  Eng- 
land with  the  view  of  pursuing  his 
studies  and  investigations.  While  all 
available  records  point  to  the  fact  that 
he  read  everything  he  could  find  on 
scientific  agriculture,  there  is  no  evi- 
dence that  he  had  attempted  any 
type  of  investigational  work— except 
those  pracdcal  experiments  which  re- 
lated to  crop  production. 

He  not  only  read  in  the  fields  of 
science  and  agriculture  but  he  was 
particularly  interested  in  history,  tales 
of  the  sea  and  certain  types  of  novels 
popular  in  that  day.  He  also  became 
proficient  in  shorthand.  His  letters, 
papers  and  lecture  notes  are  inter- 
spersed with  shorthand  notes  which 
he  used  to  good  advantage  in  Ger- 
man universities. 

At  25  years  of  age  he  had,  largely 
by  self  education,  learned  to  express 


himself  with  ease  and  clarity.  He 
was  a  good  speaker  as  a  result  of  his 
teaching  experience  and  his  written 
prose  and  verse  attest  to  his  versal- 
tility  and  natural  ability  as  a  writer. 

On  September  7,  1853,  he  sailed  on 
the  George  Canning  for  Hamburg, 
Germany.  The  voyage  lasted  nearly 
a  month  and  the  following  letter  re- 
lating to  the  voyage  is  characteristic 
of  the  man.  He  is  approaching  the 
English  Channel. 

"Last  night  I  consider  our  most 
hazardous  night  (over  three  weeks 
on  the  sailing  vessel  George  Canning) 
and  it  speaks  much  for  the  science  of 
navigation  that  we  could  cross  an 
ocean  3000  miles  wide  and  after  be- 
ing blown  in  almost  every  direction 
by  contrary  winds  and  drifted  by 
oceanic  currents  and  overshadowed 
by  dense  fogs  for  days,  that  by  getting 
a  faint  glimpse  of  the  sun  yesterday 
afternoon  at  two  o'clock  when  it  was 
scarcely  visible  through  the  clouds  we 
were  ready  to  enter  a  narrow  channel 
at  the  only  safe  place  of  entrance  for 
hundreds  of  miles  and  then  to  pro- 
ceed up  it  as  we  have  done  thus  far 
without  seeing  land  since  we  lost 
sight  of  Long  Island  in  the  United 

States. 

"This  is  what  reason,  human  rea- 
son can  do,  and  yet  men  say,  'It's 
very  dangerous  to  exercise  it.'  It  will 
lead  to  infidelity.  O,  shameful  de- 
traction of  God's  noblest,  richest, 
choicest  gift  to  man.  If  there  is  one 
element  of  His  nature  in  which  God 
is  personified  more  than  another,  if 
there  is  one  characteristic  that  speaks 
more  plainly  than  another,  that  man 
is  created  in  the  image  of  his  God, 
it  is!  it  is!  that  of  Reason,  'Human 
Reason,'  God  created,  Heaven  Gift- 
ed Human  Reason." 

He  spent  a  vear  and  a  half  at  Leip- 
zig studying  '  Geology,  Minerology, 
Microscopy  and  Botany.  It  was  here 
that  a  delightful  friendship  sprang  up 
between  Pugh  and  a  fellow  American 
student  by  the  name  of  Samuel  W. 
Johnson.  Both  young  men  had  sim- 
ilar aims  and  ambitions,  viz.,  to  re- 
turn to  America  where  they  could  put 
into  practice  the  new  system  of  edu- 
cation which  dignified  labor  without 

(Continued  on  page   186) 


168 


PENN  STATE  FARMER 


ALUMNI  NOTES 


by  Kenneth  F.  Moist,  '42 


Agronomy 


( larence  Henry  '09 — is  od- 

ucaticmal  director  for  the 

(Miieajro  r»oard  of  Trade. 

He    recently   delivered   a 

number  of  lectures  at  the  Pennsylvania 

State  (\)lleKe. 

K.  I.  Throckmorton  '11— for  many  years 
has  been  head  of  the  Aj?ronomy  Depart- 
ment of  Kansas  State  College  of  Agri- 
culture. 

A.  L.  Patrick  '13— is  Special  Assistant  to 
the  Chief  V.  S.  Soil  Conservation  Ser- 
vice.  Washinjjton.   I).   C. 

Ray  J.  Friant  '16— is  in  extension  work 
at  the  University  of  West  Virginia. 

George  L.  Reisner  '17— last  year  became 
(\>unty  Supervisor  of  Vocational  Agri- 
culture in   Fulton  County. 

Paul  R.  Smith  '18— owns  and  operates  a 
big  potato  farm  near  I'lysses,  Potter 
County. 

R.  D.  Lewis  '19— received  his  Ph.  I),  de- 
gree from  Cornell  in  11)26  and  is  now 
in  Agronomy  Extension  work  at  Ohio 
State. 

R.  H.  Engle  '21— who  had  been  for  some 
years  with  the  National  Lime  Associ- 
ation, now  has  a  i)osition  with  the  Na- 
tional Fertilizer  Association. 

Jesse  I).  Romaine  '23— has  been  for  some 
years  Chief  Agronomist  in  the  Amer- 
ican Potash  Institute.  His  business 
address  is  Investment  Building,  Wash- 
ington, D.  C. 

J.  I).  Ryburn  '29 — is  teaching  vocational 
agriculture  at  Picture  Rocks. 

John  J.  Noll  '34 — has  been  in  flood  con- 
trol division  of  the  II.  S.  Soil  Conser- 
vation Service.  He  is  now  located  at 
Connellsville. 

Leroy  Miller  '36 — is  now  a  graduate  stud- 
ent at  Michigan  State  College  and  ex- 
pects to  get  his  M.  S.  degree  in  June. 

Claude  E.  Custer  *38 — is  Camp  Agrono- 
mist at  a  CCC  Camp  at  Shelocta. 

John  O.  Rigo  '38 — is  Junior  Agronomist 
in  the  U.  S.  Soil  Conservation  Service. 
His  address  is  White  Hall,  Md. 

A.  Rudolph  York  '38 — who  was  graduated 
in  mid-year  is  Supervisor  in  the  Farm 
Security  Administraticm,  for  Elk,  Jeff- 
erson, Clearfield,  Cameron  and  McKean 
Counties.     He  is  located  in  I)u  Bois. 


Hugh  C.  Watts,  '38— is  a 
teacher  of  vocational 
agriculture  at  Souder- 
ton,    Montgomery  county. 


Poultry  Husbandry 


Henry  Body  '23— is  operating  a  large 
poultry  establishment  at  Yellow  House. 

C.   S.  Piatt   '23— is   Professor  of   Poultry 
'    Husbandry,   New   Jersey   State  College, 
New  Brunswick,  N.  J. 

J.  A.  Davidson  '24— intercollegiate  wrestl- 
ing champion  in  the  175  pound  class. 
He  is  now  in  charge  of  poultry  research 
w^ork  at  the  Michigan  State  College, 
East  Lansing,  Mich.  Davy  is  working 
toward  his  Doctor's  Degree. 

Benj.  L.  Sheaffer  '24— Lancaster,  R.  D. 
3.,  is  one  of  the  best  salesmen  in  the 
state  of   Pennsylvania. 

F.  P.  Jeffrey  '32— is  doing  a  fine  job  of 
teaching  at  the  New  Jersey  State  Ag- 
ricultural College  in  the  Poultry  De- 
partment at  New  Brunswick,  N.  J. 

Warren  D.  Johnson  '34 — Nottingham,  will 
some  day  be  the  White  Holland  turkey 
king  of  Penna.  He  has  a  splendid  flock 
of  turkeys  and  captured  many  prizes  at 
the  recent  Farm  Products  Show  in  Ilar- 
risburg. 

P.  F.  Rubinkahi  '34— Sellersville,  is  show- 
ing the  boys  the  value  of  a  college  ed- 
ucation through  the  establishment  of  a 
flrst  class  poultry  breeding  farm. 

Ohas.  Northup  '36— is  now  employed  by 
the  Borden  Company  in  sales  work  with 
particular  reference  to  poultry  feeding. 
He  has  a  territory  embracing  six  states. 

C.  D.  Musser  '37 — is  now  employed  by  the 
Purina  Mills  of  St.  Louis,  Mo.  Watch 
his  smoke  as  he  starts  to  sell  you  Pur- 
ina feeds. 

A.  C.  Groschke  '38 — is  pursuing  graduate 
study  at  the  University  of  Maryland, 
College  Park,  Md. 


Ag  Engineering 


James  V.  Baker,  '35 — secured  employment 
in  the  buying  oflSce  of  Sears,  Roebuck 
and  Company  at  which  place  he  work- 
ed until  last  fall  when  he  was  promot- 
ed to  the  Technical  Department  of  the 
firm.     He  is  located  in  Philadelphia. 


Waldo  E.  Bell  '34 — is  working  on  soil  con- 
servation. He  is  doing  a  fine  job  at 
Waynesboro  where  he  is  employed  by 
the  Soil  Conservation  Service. 

E.  K.  Bonner  '35 — is  in  the  employment  of 
the  A.  B.  Farquhar  Company  operating 
in   York. 

Frank  R.  Ilrower  '37 — got  stung  by  Cupid's 
dart  and  on  April  16,  1938  ended  his 
career  as  a  single  man.  The  Interna- 
tional Harvester  Company  was  well 
pleased  with  his  work  for  he  recently 
was  changed  from  sales  promoter  to  a 
better  job :  however,  he  is  still  doing 
some  work  as  a  sales  promoter  along 
with  his  employment  in  the  service  de- 
partment of  that  company.  He  is  sit- 
uated at  Elmira,  New  York. 

Harvey  F.  Corson  '36 — has  found  work  as 
a  blockman  for  the  AUis-Chalmers 
Company  located  at  Brookville. 

E.  Robert  Curry  '36 — is  working  for  the 
Philadelphia  Electric  Company  at  West 
Chester. 

George  W.  Grisdale  Jr.,  '35 — of  Freehold, 
New  York,  is  the  Project  Hydraulic 
Engineer  for  the  Soil  Conservation  Ser- 
vice of  that  town.  He  is  in  charge  of 
Research  and  Hydraulic  Studies  on  the 
Freehold  I*roject.  Those  who  know  him 
will  be  pleased  to  learn  that  he  is  now 
married  and  has  a  family. 

E.  E.  Houck  '37 — is  one  of  the  engineering 
Staff  of  the  Oliver  Farm  Equipment 
Company   of  South  Bend,  Indiana. 

Jolui  P.  Lonberger  '36 — is  doing  sales  work 
for  Goulds  Pumps  Inc.  of  Pittsburgh. 

Richard  T.  Markle  '36— is  working  for  his 
father  on  the  home  farm  near  State 
College. 

G.  E.  Oesterling  '33 — is  another  fortunate 
Ag.  Engineer.  He  is  doing  fine  work 
for  the  Soil  Conservation  Service  in  a 
C.  C.  C.  camp  in  the  Soil  Conservation 
District   near  Glenn  Rock. 

Luther  Singley,  '37 — has  gotten  employ- 
ment with  the  West  Penn  Power  Com- 
pany of  Central  Pennsylvania. 

Murrel  E.  Strickler  '34 — has  a  good  job 
as  a  draftsman  in  the  drafting  room 
of  the  John  Deere  Harvester  Works  of 
East  Moline,  Illinois.'^ 

William  C.  Wenner  *3£^is  employed  by 
the  Pennsylvania  Power  and  Light 
Company  located  at  Stillwater. 

Paul  A.  Whisler  '36— has  gotten  employ- 
ment with  the  Allis-Chalmers  Comp- 
any of  LaPorte,  Indiana. 
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out  the  season  and  analyzed  in  order 
to  get  a  measure  of  the  total  grass 
and  the  total  digestible  nutrients  pro- 
duced during  the  season. 

Plant  population  estimates  of  the 
important  species  are  made  both 
spring  and  fall  in  order  to  study  the 
botanical  changes  brought  about  by 
various  fertilization  and  management 
practices  in  use.  The  following  table 
shows  some  of  the  changes  in  plant 
population  since  the  establishment  of 
the  pastures: 

A  study  of  the  accompanying  table 
showing  the  returns  per  acre  above 
feed  and  fertilizer  costs  and  the  cost 
of  the  time  required  to  apply  the  fer- 
tilizers will  readily  convince  even  the 
most  skeptical  that  every  penny  spent 
for  fertihzer  applied  to  the  pastures 
brought  a  very  profitable  return.  For 
the  five  years  shown  in  the  table  an 
investment  averaging  $1.92  per  year 
for  the  superphosphate  applied  re- 
turned an  average  of  $18.04  annual- 

ly- 

None  of  the  other  treatments  re- 
turned as  much  for  the  amount  in- 
vested in  fertilizer  but  it  can  easily  be 
seen  that  any  of  the  treated  pastures 
gave  a  very  good  return  on  the  invest- 


ed money  in  addition  to  the  fact  that 
all  of  them  produced  at  least  twice  as 
much  milk  as  the  one  receiving  lime 
only,  and  the  quality  of  the  herbage 
was  much  better. 

The  matter  of  deciding  just  which 
fertilizer  treatment  to  apply  for  most 
economical  results  should  be  consid- 
ered rather  carefully.  If  there  is  a 
large  acreage  of  permanent  pasture 
on  the  farm  which  might  produce 
more  grass  than  could  be  utilized  un- 
der a  program  of  heavy  fertilization, 
it  may  be  advisable  to  confine  the  fer- 
tilizer   application    to    phosphate    or 
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phosphate  and  potash. 

On  the  other  hand,  if  there  is  a 
relatively  small  area  of  pasture  and 
very  high  production  is  desirable,  it 
may  be  possible  to  get  three  or  four 
times  as  much  grass  as  usual  by  heavy 
applications  of  a  complete  fertilizer 
or  the  use  of  plenty  of  minerals  along 
with  barnyard  manure. 

Undoubtedly  pasture  fertilization 
has  been  proven  profitable  from  any 
standpoint.  The  application  of  knowl- 
edge gained  through  this  research  pro- 
ject should  be  of  great  value  to  every 
livestock  farmer  and  dairyman. 


There^s  wealth 
in  every  pound 

of  Aritiour^s 

Yes,  every  pound  of  Armours's  contains  a 
wealth  of  flrowing  power  ready  to  go  riflht 
to  work  on  your  crops  and  stay  at  work 
until  they  reach  a  healthy  maturity.  On 
each  bafl  of  Armour's  we  make  more  than 
a  sale  ^  we  make  a  friend  who  will  come 
back  each  season  to  flet  the  fertilizer  that 
**Makes  Every  Acre  Do  Its  Best.** 

ARMOUR  FERTILIZER  WORKS 

Baltimore,   Maryland 


99.75%  PURE 

Selecting  the  seed  is  the  most  important 
decision  of  the  entire  farming  year.  By 
choosing  the  very  best  seed  you  insure 
cleaner  fields,  better  yields  and  larger 
farming  profits. 

Write  for  prices  on  Scott's  Farm  Seed 
(99.75%  pure)  and  Certified  Hybrid  Seed 
Corn  today. 


0,M.SCOTT  &  SONS  CO 


MARYSVILLE,  OHIO 


The  Block  and  Bridle  Club 

(ORI)IALIA   INVITES  EVERYONE  TO  ATTEND 

THE  21st  ANNIAL 

Little  International 
Livestock  Exposition 

to  be  lielcl  at 

PENN     STATE 
Saturday,  April  29,  1939 


Li  cooperation  with  the  Blooli  aii.l  Bri.lle  Club,  the 

"Fanner"   will    devote    the   May   issue 

to  Animal  Husbandry 
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Our  Debt  To  Pugh 

(Continued  from  page   167) 

losing  sight  of  the  cultural.  A  scien- 
tific correspondence  ensued  which 
was  only  terminted  by  the  death  of 
Dr.  Pugh. 

To  give  you  some  idea  of  the  fact- 
ors that  were  influencing  the  lives  of 
Johnson  and  Pugh,  permit  me  to 
quote  from  a  letter  of  Johnson  writ- 
ten in  1855  regarding  his  impressions 
of  the  Academy  of  Agriculture  and 
Forest  Culture  at  Hohenheim,  Germ- 
any. At  this  time  such  institutions 
were  almost  unknown  in  America. 

He  states,  "The  pupils  are  mostly 
from   wealthy  families.     A  finer  set 
of  young  men  I  have  not  seen  else- 
where in  Europe.     They  are  describ- 
ed as  full  of  zeal  in  the  prosecution  of 
their  studies,  and  when  contemplating 
their  animated  and  intelligent  count- 
enances, I   could  but  hope  that  the 
day  will  shortly  come  when  the  Unit- 
ed States  shall  also  engage  her  intelli- 
gent sons  in  similar  preparation  for 
similar  duties.     Most  of  the  gradu- 
ates of  this  Academy  are  afterwards 
occupied    with    the   management   of 
great  estates  .  .  .  .My  stay  in  Hohen- 
heim was  rendered  peculiarly  agree- 
able by  the  kind  attentions  of  Prof. 
Wolff,    whose    acquaintance    I    had 
made    in    Moeckern,    near    Leipsic. 
Hohenheim  has  never  had  until  now 
a   man   among  its   faculty   who   has 
united  eminent  scientific  abiHty  with 
practical  knowledge.  It  has  been  for- 
tunate for  the  Academy  that  practice 
ha5  hitherto  held  there  such  domin- 
ant sway.     It  is  equally  fortunate  for 
it  that  it  now  has  a  teacher  who  is 
able  to  show  that  practice  and  science 
harmonize  in  most  points,  and  who 
labors   not  so   much   to   immortalize 
himself  by  propounding  and  defend- 
ing ingenious  theories,  as  to  advance 
practical   agriculture    by    attempting 
the  solution  of  the  problems  that  are 
encountered  in  daily  life. 

Prof.  WolflF  has  had  fitted  up  a 
spacious  though  simple  Laboratory  in 
which  he  instructs  a  goodly  number 
of  the  pupils  in  chemical  analysis. 
He  finds  that  when  the  course  is 
rightly  conducted,  it  proves  highly 
mteresting,  as  it  cannot  fail  to  be 
highly  profitable  for  the  pupils.  It 
is  in  the  Laboratory,  and  from  the 
teachings  of  the  capable  agricultural 
chemist  that  agriculture  is  to  make 
rapid  advances  in  its  doctrines  and 
literature,  while  from  practical  in- 
struction,  the   existing  good  systems 


are  to  be  brought  into  general  appli- 
cation. Hohenheim  has  hitherto  been 
eflficient  in  diflfusing  agricultural 
knowledge;  hereafter  it  cannot  fail 
to  become  as  eminent  for  discovering 
new  truths,  which  shall  make  itself 
progressive  as  it  now  makes  Wurt- 
temberg  and  the  surrounding  coun- 
tries so  ...  . 

Hohenheim  is  doubtless  the  best 
school  of  agriculture  that  exists,  and 
the  agriculturists  of  the  United  States, 
who  are  founding  agricultural  col- 
leges, etc.,  will  do  well  to  send  out  a 
few  young  men  to  take  the  course 
here,  as  part  preparation  for  stations 
as  teachers  at  home." 

It  is  evident  that  Pugh  and  John- 
son had  been  discussing  the  organiza- 
tion of  an  American  agricultural 
school  because  Pugh  wrote  Johnson 
in  1855  ^  follows: 

"In  reply  to  your  questions  with 
regard  to  American  Agricultural 
School  ...  .1  sympathize  to  the  full- 
est extent  with  the  spirit  of  the  enter- 
prise you  propose  .  .  .  .With  respect 
to  your  distribution  of  the  studies  and 
the  length  of  the  term,  you  are  in  ad- 
vance of  my  plans  .  .  .  .To  sum  up: 
I  enter  with  my  heart  and  hand  into 
the  spirit  of  your  proposal  excepting 
that  I  would  rather  delay  at  least  one 
year  (to  Sept.  1857)  •  •  Of  the  suc- 
cess of  the  institution  I  have  no  doubt 
if  it  once  gets  started  on  the  basis  you 
propose." 

He  then  spent  six  months  at  Heid- 
elberg where  he  studied  with  Bunsen 
and  other  well  known  chemists  and 
mathematicians. 

Pugh  spent  an  additional  year  at 
Gottingen  working  with  Wohler  in  or- 
ganic chemistry  and  perfecting  his 
mathematics.  In  one  of  his  diaries 
Pugh  shows  that  he  was  "on  his  toes" 
so  far  as  familiarity  with  scientific 
literature  is  concerned.  In  searching 
for  a  thesis  subject  for  the  doctorate 
he  suggests  a  number  of  problems  but 
these  are  vetoed  by  Wohler  on  ac- 
count of  expense.  Wohler  suggested 
a  quinoline  problem  which  Pugh 
maintained  had  already  been  solved 
by  Hoffman  of  London.  Not  until 
Pugh  presented  Wohler  with  the  evi- 
dence, from  an  English  chemistry 
text,  would  Wohler  believe  that  Pugh 
was  correct.  r- 

This  was  not  the  only  instance  in 
which  the  embryonic  American  chem- 
ist was  able  to  prove  that  the  famous 
Wohler    was    not    infallible.     Wurtz 
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had  just  discovered  his  famous  syn- 
thesis in  which  alkyl  radicals  could 
be  joined  by  treating  alkyl  halides 
with  sodium.  Wohler  suggested  that 
similar  reactions  might  work  using  io- 
dine cyanide.  Pugh  pointed  out  that 
sodium  would  combine  with  both 
iodine  and  syanogen  and — as  Pugh 
put  it — "the  cake  would  be  all  dough 
again."  They  finally  compromised 
on  a  mineralogical  problem  dealing 
with  composition  of  minerals  from 
Mexico  and  Central  America.  The 
thesis  was  entitled  "Miscellaneous 
Chemical  Analyses." 

One  of  Pugh's  German  friends, 
formerly  privatdocent  at  Leipzig,  had 
gone  to  France  to  work  with  Ville  on 
plant  nutrition  problems.  Returning 
to  Germany  on  a  visit,  he  described 
experiments  (to  Pugh)  in  which  Ville 
has  "doctored"  results  in  order  to 
prove  that  nitrogen  assimilation  by 
plants  was,  at  least  in  part,  a  question 
of  utilization  of  gaseous  nitrogen  from 
the  atmosphere.  De  Saussure  had  al- 
ready advanced  the  idea  that  nitro- 
genous compounds  are  taken  up  al- 
most entirely  through  the  root  systems 
of  plants.  Boussingault  had  also 
fought  the  same  battle  but  with  great- 
er analytical  precision  as  a  result  of 
better  technics. 

Pugh  not  only  sided  with  Boussing- 
ault but  his  hatred  of  sham  and  dis- 
honesty made  him  doubly  anxious  to 
do  more  research  to  settle  the  matter 
once  and  for  all  and,  at  the  same 
time,  "show  up"  Ville  and  discredit 
his  work.  Some  observers  might 
criticize  Pugh  for  this  vindictive  atti- 
tude but  his  was  the  zeal  of  a  crusad- 
er in  science — Truth  for  truth's  sake. 
The  spirit  was  not  unlike  that  of 
many  early  crusaders  who  felt  it  their 
duty  to  expose  pagan  philosophies. 
Consequently,  on  his  trip  to  Paris  he 
went  out  of  his  way  to  "check  up"  on 
all  phases  of  the  problem  and  he  be- 
came convinced  that  he  could  plan  a 
series  of  experiments  that  would  de- 
finitely establish  the  correctness  of  his 
hypothesis. 

As  a  result  he  addressed  a  letter  to 
Dr.  Gilbert,  a  former  student  of  Just- 
us von  Liebig,  who  was  Director  of 
Research  for  Sir  John  Lawes  at  the 
Rothamsted  Experiment  Station  in 
England.  His  suggestions  were  greet- 
ed with  enthusiasm  by  Gilbert  and  ar- 
rangements were  made  for  him  to 
delay  his  return  to  America  in  order 
that  he  might  conduct  his  experiments 
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at  Rothamsted.  In  a  letter  written  to 
Johnson  in  August,  1857,  he  describ- 
ed with  enthusiasm  the  facilities  plac- 
ed at  his  disposal.  Twelve  glass 
shades  (each  3/2  feet  high  by  9/2 
inches  in  diameter)  were  provided — 
in  which  plants  were  grown  in  NH3 
free  air.  He  mentions  the  fact  that 
many  distinguished  visitors  came  to 
the  laboratory  to  see  the  experimental 
set  up  and  he  mentions  with  some- 
what fiendish  glee — "Ville  will  be 
here  next  week." 

Considering  the  knowledge  and 
technics  available  at  that  time, — the 
work  was  very  well  planned,  the  ap- 
paratus ingeniously  devised  and  the 
entire  experiment  was  conducted  with 
great  care  and  accuracy.  There  is 
little  question  that  Pugh  would  have 
made  a  world  wide  reputation  had  he 
been  permitted  to  devote  his  talents 
to  research.  As  it  was,  the  publica- 
tion (in  i860)  of  the  results  of  the 
investigation,  showing  that  gaseous 
N2  and  NH3  are  not  assimilated  by 
plants,  gave  him  a  high  rating  as  a 
research  worker. 

Lawes  and  Gilbert  offered  Pugh  a 
permanent  position  at  Rohamsted  but 
he  felt  that  two  years  at  Rothamsted 
had  given  him  the  background  he 
needed  for  further  useful  service  in 
America.  He  had  been  elected  a 
member  of  the  British  Chemical  So- 
ciety and  his  work  had  received  world 
recognition  when  published  by  the 
Royal  Philosophical  Society  of  Great 
Britain. 

He  had  dedicated  his  doctor's  thesis 
to  a  prominent  American  plant  sci- 
entist. Dr.  William  Darlington.  Dr. 
Dadington  wrote  Pugh,  in  1855, 
thanking  him  for  the  honor  and  open- 
ed the  question  of  a  Pennsylvania 
Agricultural  School.  He  states,  "As 
our  State  Agricultural  Society  has 
procured  a  farm  for  the  instruction  of 
young  men  in  the  science  of  Agricul- 
culture,I  should  hope  they  will,  ere 
long,  make  provision  for  teaching  Ag- 
ricultural Chemistry— and  thus  cre- 
ate a  demand  for  the  knowledge 
which  you  have  gathered  in  Europe." 
Not  only  had  Johnson  and  Pugh 
discussed  the  possibilities  of  such  a 
school  but  Johnson  had  actually  been 
approached  by  Dr.  A.  L.  Elwyn  of 
Philadelphia,  one  of  the  original  trust- 
ees of  the  Farmers  High  School. 
Johnson  had  recommended  Pugh  for 
the  post,  since  he  planned  to  return  to 
Yale.  Elwyn  must  have  negotiated 
with   Pugh  as  early   as    1855.     The 


following  letter  from  Pugh  to  John- 
son was  written  in  1854  before  ne,u;o- 
tiations  had  actually  been  opened 
with  Pugh. 

He  states,  "I  feel  an  enthusiastic 
interest  in  the  success  of  this  College, 
even  though  I  should  never  be  in  the 
slightest  degree  connected  with  it. 
My  plan  was  to  labor  for  its  estab- 
lishment and  if  I  had  the  honor  of 
participating  in  the  duties  it  would 
require  of  a  teacher  and  Professor — 
good.     If  I  did  not  receive  the  hon- 
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or  and  it  was  conferred  upon  others 
who  would  make  it  what  it  ought  to 
be — then  also  good.  1  would  labor 
through  the  instrumentality  of  friends 
to  build  up  an  auxiliary  establishment 
in  connection  with  the  College  and 
thus  go  one  step  toward  completing 
my  ideal,  a  large  general  centering 
point  for  the  State  College  with  its 
auxiliaries  in  every  county,  with  its 
investigation  stations  in  every  town- 
ship and  soon  with  its  observers  on 
every  farm." 
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EDITORIALS 


AG  COUNCIL! 

The  Agricultural  Student  Coum  il 
surely  deserves  commendation  for  its 
recent  achievements — the  opening  oi 
the  Ag  library  on  Sundays  and  the 
representation  of  the  Council  at  the 
Ag  school  faculty  and  executive  com- 
mittee meetings.  We  feel  that  this 
action  is  indicative  of  the  closer  un- 
derstanding between  the  faculty  and 
the  student  body;  and  this  is  a  large 
forward  stride  toward  a  mutual  co- 
operation between  the  instructors  and 
the  students,  which  is  so  necessary  to 
successful  present  day  education. 

We  further  feel  that  this  achieve- 
ment is  an  answer — and  a  very  good 
answer — to  the  challenge  recently 
hurled  at  the  extra-curricular  activi- 
ties to  justify  their  existance.  Here 
is  definite  evidence  that  the  Ag  Coun- 
cil, for  one,  has  a  reason  for  its  being 
— to  serve  as  a  medium  for  the  unifi- 
cation of  the  various  clubs  and  or- 
ganizations in  the  Ag  School  and  as 
such,  to  promote  better  student-facul- 
ty relationships.  Here  is  evidence 
that  the  Ag  Council  is  more  than  a 
key  collecting  society;  more  than  a 
mere  social  gathering.  Here  is  some- 
thing that  will  benefit  the  whole  Ag 
School,  and  will  serve  as  an  example 
for  the  other  Schools  of  the  College. 

Last  Fall  the  Council  held  the  an- 
nual Harvest  Ball,  and  made  it  the 


BROODERS  &  ELECTRIC  SUPPUES 

Many  types,  sizes,  prices,  etc.  LargeNi 
line  of  ELECTRIC  poultry  supplies  i 
U.  S.  Eastern  Brooder  stocks.  Provdi 
and  economical  incubators,  heaters,  ther- 
mostats, alarms,  insect  elect rocutors,  etc. 
Free  cataloj?. 

LYON  RURAL  ELECTRIC  COMPANY 
Dept.  PSF.  San  Diego,  California 


BUSSEY 

PEN  PRODUCTS  CO.i 

Slftl  WMt  Mill  SC  CWCA«0,  ILL. 

Announces  a  new  line 
Intermediate  Broiler  andi 
Fattening  Batteries  sell-; 
ing  at  the  remarkabh 
low  price  of  $17.50. 


-'■^J^a-^ 


\*}\\  lUlllii 


Sand  for  FREC  Cata 
log.  Also  Ibts 
Fabrics  and  P«n 
Materials    f 
Poultrymen 

Ash  for  N«w 
Circular*  on 
Laying 
Bottcrios 


MODELS  U 

BUSSEY'S        o^^^ 
^BATTERIES   ^17  — 

Farts   for    Batteries 

of    every     description 

including   Laying   Cages 


greatest  success  ever  seen  in  the  Ag 
School.  Now  the  Spring  counter- 
part, the  Ag  Frolic,  is  under  way. 
We  hope  the  Council,  with  its  few 
members  and  officers,  will  stick  to- 
gether as  they  did  last  fall  and  make 
the  Frolic  even  more  successful.  It's 
up  to  you  as  a  group,  and  to  each 
member  as  an  individual,  to  do  his 
part.  .  .     We  wish  you  luck! 

On  the  other  hand,  we  still  feel 
that  the  dinner-dance  at  Skytop  did 
not  serve  the  purpose  for  which  it  was 
avowedly  intended,  namely  to  ac- 
quaint the  new  Council  members 
with  each  other  and  with  the  old 
members.  We  admit  that  it  was  a 
well  attended  and  enjoyable  affair — 
some  stating  that  it  was  the  best  dance 
this  year.  However,  few  new  mem- 
bers got  to  know  their  fellows  and  the 
old  members  of  the  Council.  Almost 
everybody  became  well  acquainted 
with  the  small  group  in  which  he 
found  himself  and  with  the  girls  in 
the  group.  Reliable  reports  indicate 
that  the  roll  book  and  directory  are 
still  quite  essential  to  connect  names 
with  persons.  While  we  have  no 
fault  to  find  with  the  dinner-dance 
itself  (in  fact,  we  rather  favor  the 
idea),  we  can  certainly  not  agree  with 
the  spirit  in  which  it  was  held.     We 


would  far  rather  see  an  open  declar- 
ation of  having  a  good  time  than  a 
flimsy  excuse  about  getting  acquaint- 
ed, since  this  is  virtually  impossible  at 
a  semi-formal  affair  of  this  nature. 

S.  B.  G. 


Aiid^^ncJL  ^Ueaie  HeieoAclt  JiaujMxdondf 


TOP  STAFF  POSITIONS 
OPEN  TO  ALL 

At  a  recent  meeting  the  board  of 
the  Penn  State  Farmer  voted  to  open 
all  staff  positions  to  any  student  in 
the  Department  of  Home  Economics 
and  the  School  of  Agriculture.  At 
the  same  time  the  students  in  Home 
Economics  decided  to  place  their  full- 
est efforts  behind  the  Farmer  instead 
of  trying  to  start  another  publication 
on  the  campus. 

This  matter  is  of  importance  since 
the  Home  Economics  students  assum- 
ed that  the  Homemaker  section  was 
a  separate  publication  in  the  Farmer 
and  that  they  were  not  eligible  for  the 
main  staff  positions.  No  ruling  had 
ever  been  made  to  that  effect,  but 
that  was  the  common  belief. 

We,  therefore,  urge  all  Home  Ec- 
onomics students  interested  in  publi- 
cation work  who  come  out  for  the 
staff  to  try  for  the  top  positions  of 
editor-in-chief  or  business  manager 
since  all  staff  positions  are  gained  on 
a  competitive  basis. 
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"I'm     adding    alfalf 
to  the  rotation  this 
spring,   Bill." 
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SERVING    FARMERS    OVER   A   QUARTER    CENTURY 


OVER  THE  FENCE 

J.  B.  R.  Dickey  of  State  College  says: 
"Satisfactory  legumes  and  pasture 
cannot  be  produced  on  sour  or  lime- 
deficient  land.  With  a  few  excep- 
tions, Pennsylvania  soils  are  natur- 
ally sour,  or  soon  become  so  as  the 
lime  is  removed  in  crops  or  leached 
out  in  drainage  water.  This  lime 
must  be  replaced  if  livestock  is  to  be 
well  and  cheaply  fed,  and  the  soil 
kept  productive.  Soil  acidity  is  the 
most  common  single  cause  for  the 
failure  of  legumes  to  thrive  and  with- 
stand winter  killing.  The  substitu- 
tion of  alfalfa  for  clover  has  been  in- 
creasing rapidly.  Alfalfa  requires 
more  lime  and  more  intelhgent  liming 
than  other  legumes." 
Correct  soil  acidity  for  profitable 
yields  with  Carbon  pulverized  and 
ground,  kiln-dried  limestone,  avail- 
able for  immediate  delivery.  See 
your  local  Carbon  Limestone  Dealer. 

Quarry  located  at  Hillsvillc,  Pa. 


"That's  great !  It's 
the  thing,  but  you  may 
need  to  do  some  lim- 
ing." 


I50A   CENTRAL  TOWER   •  YOUNGSTOWN,  OHIO 


WE  are  all  aware  of  the  toll 
diseases  of  domestic  animals 
take  from  the  yearly  income 
of  the  farmer.  This  loss  is  true,  re- 
gardless of  the  type  of  animal  pro- 
duction in  which  one  is  most  inter- 
ested. Disease,  however,  may  appear 
to  be  more  of  a  problem  in  some  ani- 
mals than  in  others,  but  over  a  period 
of  several  years  one  will  find  very 
little  difference  when  the  value  per 
head  and  the  percentage  loss  is  taken 
into  consideration. 

One  has  only   to  go  back  a  few 
years  in  the  history  of  the  livestock  in- 
dustry to  determine  the  benefits  de- 
rived from   animal  disease  research. 
The  control  of  such  diseases  as  tuber- 
culosis in  cattle,  swine,  and  poultry 
has  all  been  based  on  disease  research 
over  a  period  of  time.     The  same  is 
true  of  Texas   Fever,   Hog  Cholera, 
Bang's  Disease,  PuUorum  Disease,  and 
many  others.     In  all  of  the  research 
on  the  above  diseases  certain  funda- 
mentals have  necessarily  preceded  any 
control  measures.  A  number  of  such 
fundamentals   have    come    from   the 
medical    profession    in    general    and 
from  closely  related  sciences  such  as 
bacteriology  and  chemistry. 

It  is  the  plan  of  the  laboratory  at 
the  Pennsylvania  State  College  to 
confine  its  efforts  entirely  to  disease 
research  on  those  problems  which  are 
most  widespread  and  of  paramount 
importance  to  Animal  Husbandry  in 
general.  This  will  be  gready  facili- 
tated since  an  excellent  diagnosic  lab- 
oratory for  routine  diagnosis  is  main- 
tained by  the  Bureau  of  Animal  In- 
dustry at  Harrisburg.  A  good  start 
has  been  made  in  equipping  the  la- 
boratory for  its  various  research  prob- 
lems although  certain  phases  will  be 
somewhat  limited  for  a  short  time  un- 
til further  equipment  is  added.  The 
disease  research  is  in  close  coopera- 
tion with  the  various  departments  of 
the  School  of  Agriculture. 

A  number  of  other  institutions  and 
the  United  States  Bureau  of  Animal 
Industry  are  working  on  the  diseases 
of  dairy  cattle,  especially  Bang's  dis- 
ease, and  Veneral  Trichomoniasis.  A 
smaller  number,  however,  are  doing 
a  limited  amount  of  research  on  dis- 


by  W.  T.  S.  Thorp 

eases  of  growing  calves.  The  chief 
diseases  encountered  in  raising  young 
calves  to  mature  separately  or  as  a 
combination  of  both  conditions.  Since 
September  1938,  research  has  been 
instigated  on  both  of  these  diseases. 
Some  important  information  has  been 
obtained  in  regard  to  the  causative 
agents  and  nature  of  the  disease. 
These  problems  are  receiving  consid- 
erable attention  in  the  laboratory.  In 
addition  to  the  above,  pathological 
studies  are  made  on  all  materials  sub- 
mitted from  calves  on  nutritional  ex- 
periments, especially  those  on  Vitamin 
A  deficient  diets. 

All  poultrymen  are  aware  of  the 
losses  to  the  poultry  industry  through 
diseases   of   infections   or   nutritional 
causes.     Since   the    poultry   industry 
of   Pennsylvania   is  quoted  as  being 
second  only  to  dairying  in  value  and 
since  the  disease  problem  is  of  such 
magnitude,   a  major  portion  of  the 
eftorts  of  the  laboratory  is  spent  on 
research    work    in    poultr\     diseases. 
PuUorum  disease,  which  took  its  toll 
not  so  long  ago,  has  for  the  most  part 
reached  the  stage  of  control  by  reg- 
ular testing  and  proper  sanitary  mea- 
sures.    The  results  of  this  work  arc 
directly  proportional  to  the  quality  of 
the  test  which  is  used.     That  complex 
group  of  diseases  commonly  known  iis 
'Towl  Paralysis"   is  still  one  of  the 
most,  if  not  the  most,  important  dis- 
ease problem  to  the  poultrymen    I'he 
above  statement  is  exempUfied  I     '^*ie 
fact  that  practically  the  entire  <       ts 
of   the  new  regional  laboratoi  •     or 
Poultry  Disease  Research,  locals-  in 
Michigan,   will   be  spent   on   ^l    vvl 
Paralysis".  Our  research  at  the  1      n- 
sylvania  State  College  is  in  clo     co- 
operation with  the  regional  labora- 
tory.    Considerable  progress  has  beer 
made  from  a  breeding  standpoint  by 
the  Department  of  Poultry  Husband- 
ry in  regard  to  the  paralysis  problem 
In  addition  to  the  Fowl  Paralysis  re- 
search, a  study  has  been  started  or. 
those  diseases  affecting  young  turkey 
poults.     The  most  important  of  these 
is  a  septicemia  resulting  from  an  in- 
fection by  Salmonella  Aertrycke,  an 
organism  of  the  same  type  as  Salmon- 
ella PuUorum  which  is  the  cause  of 


white  diarrhea  in  chickens. 

The  growth  of  the  sheep  and  swine 
industry  in  Pennsylvania  has  become 
and  is  becoming  of  greater  import- 
ance from  year  to  year.  At  the  pres- 
ent time  various  phases  of  the  nutri- 
tional diseases  of  sheep  and  swine  are 
being  studied  from  a  pathological 
viewpoint. 

It  is  hoped  that-  through  the  re- 
search as  outlined  above  some  addi- 
tional contribution  can  be  made  to 
the  control  and  prevention  of  animal 
diseases. 

The  Horse 

(Continued  from  page  197) 
therefore  much  below  the  efficiency 
while  working,  and  it  varies  with  the 
number  of  working  hours  of  each  day. 
Efficiency  decreases  with  increasing 
hours  of  work  each  day. 

The  variation  of  profit  with  hours 
worked  each  day  gives  a  different  re- 
sult. From  this  angle,  unlike  effi- 
ciency, profit  is  linearly  related  to  the 
number  of  hours  worked;  that  is,  the 
increase  in  profit  each  day  is  constant. 

The  gross  efficiency  of  horses  ap- 
proaches 25  per  cent  regardless  of 
weight.  There  is  no  difference  in 
the  1000  lb.  or  1800  lb.  horse  on  effi- 
ciency basis. 

Under  average  farm  conditions, 
the  maximum  overall  efficiency  when 
he  works  but  8  hours  each  day  at  the 
rate  of  one  horse  power  is  about  14 
per  cent.  This  1 4  per  cent  efficiency 
includes  the  energy  cost  of  mainten- 
ance during  the  16  hours  rest.  In 
the  tractor  there  is  no  energy  expense 
during  hours  when  not  used,  although 
the  horse  is  much  more  efficient  ener- 
getically than  the  farm  tractor  while 
Workine.  The  all-day  energy  effi- 
ciency of  the  horse  is  the  same  order 
as  the  overall  efficiency  of  the  tractor 

while  working. 

Efficiencies  of  Motors 
Steam  Engines  without  condensers — 

7  5/2  per  cent. 
Steam    Engines    with   condensers— 9 

to  19  per  cent. 
Gas  Engines— 14  to  18  per  cent. 
Diesel  Engines— 29  to  35  per  cent. 

A  ten  year  study  on  57  farms  re- 

(Continued  on  page  221) 
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OUR  DEBT  TO  EVAN  PUGH 

by  R.  Adams  Dutcher 


In  1859  Dr.  Pugh  accepted  the  ir, 
vitation  tendered  by  the  President  1 
the  Board,  Frederick  Watts.  He  w<  > 
given  $1000  to  purchase  equipmcrr 
and  apparatus  in  Europe.  He  ar- 
rived in  State  College  in  September, 
1859,  but  did  not  actually  assume  his 
duties  until  February,  i860,  when  he 
delivered  the  Inaugural  address  on 
the  "Mutual  Relations  of  Teacher 
and  Taught." 

In  addition  to  his  German  univer- 
sity experience  he  had  visited  for  a 
time  in  France  where  he  made  a  study 
of  trade  schools  and  trade  school  cur- 
ricula and  throughout  his  short  ad- 
ministrative life,  the  influences  of 
these  European  observations  are  con- 
tinuously making  themselves  manifest. 

Pugh  was  faced  with  a  multitude 
of  problems  when  he  began  his  Pres- 
idency in  October,  1859.  Courses 
of  study  had  to  be  organized;  rules 
and  regulations  regarding  conduct 
and  discipline  had  to  be  created;  the 
people  of  the  Commonwealth  had  no 
idea  of  his  aims  and  objectives — hence 
it  became  necessary  to  educate  the 
public  and  the  legislature  to  the  im- 
portance of  the  new  educational  un- 
dertaking. Old  Main  was  not  yet 
completed  and  funds  had  to  be  found 
to  put  the  physical  plant  in  condition 
for  satisfactory  class  work.  The  Fed- 
eral Land  Grant  Act  had  not  yet  been 
passed  and  it  was  necessary  for  Pui^jh 
to  use  much  of  his  time  and  energy 
combating  open  opposition  and  crit- 
icism for  this  new  fangled  idea  th.»t 
was  bound  to  cost  the  people  moi< 
money.  Naturally,  the  plan  was  no- 
understood  by  the  educational  lead 
ers  of  the  day  and,  f uthermore,  it  was 
but  natural  that  considerable  opposi- 
tion should  come  from  privately  en- 
dowed denominational  colloges. 

Dr.  Runkle  points  out  that  Pugh 
as  a  teacher  did  not  occupy  the  chair 
of  chemistry  or  of  science.  His  was 
a  settee  of  subjects.  In  addition  to 
his  presidential  duties,  he  was  Direct- 
or of  Chemical  Laboratories  and  Mu- 
seum, Dean  of  the  Faculty,  Publicity 
Director,  Superintendent  of  Grounds 
and  Buildings,  Purchasing  Agent, 
Dean  of  Graduate  Instruction,  Dean 
of  Men,  Director  of  Athletics  and 
Farm  Superintendent. 


With  all  of  these  duties  he  had  not 
forgotten  research.  It  is  recorded 
that  he  had  two  graduate  students 
working  on  research  problems  in  18- 
62  and  in  the  following  year  the  num- 
ber had  increased  to  eleven.  You 
can  see,  therefore,  that  the  term 
Farmers  High  School  was  not  used 
in  the  sense  that  we  use  it  today.  It 
was  really  comparable  to  the  German 
Hochschule  which  is  similar  to  our 
technical  college. 

In  speaking  of  our  debt  to  Evan 
Pugh  I  can  do  no  better  than  quote 
from  Dr.  Runkle's  papers:   "A  care- 
fully prepared  address  was  delivered 
at  Carlisle  in  1 860,  and  later  printed, 
in  which  Pugh  blocks  out  the  needs 
of  Pennsylvania,  agriculturally.     Sec- 
ondary Schools  of  Agriculture  headed 
by  our  own  developing  Agricultural 
College  is  of  prime  importance.     A 
State  Chemist  and  division  of  Agri- 
cultural statistics  are  urged,  also  a  Na- 
tional Bureau  of  Agriculture.     More 
significant  than  all  is  his  insistent  an- 
ticipation   of    Agricultural    Scientific 
Investigation  Stations,  whose  work  he 
outlines  as :    ( i )   To  establish  by  ex- 
periment the  facts  and  principles  to 
be  taught ;  ( 2 )  To  establish  an  exper- 
imental farm;  (3)  To  install  labora- 
tories   for   analysis ;    ( 4 )    To   equip 
stalls,  stables,  etc.,  for  experiments  on 
feeding  and  for  determining  the  com- 
parative value  of  foods;  (5)  To  issue 
a  paper  or  publication  to  put  results 
into  the  hands  of  the  farming  profess- 
ion.    Here   are   instruction,   research 
and  extension,  with  emphasis,  too,  of 
animal  nutrition  and  physiology,   as 
the  mansard  roof  of  the  Agricultural 
temple.     He  wrote  a  concise  history 
of  Agricultural  Education  in  Europe, 
including  the  Farmers'  High  School 
and  Agricultural  College  to  1862.  "A 
Report  on  Organization  and   Facili- 
ties for  Colleges  of  Agriculture  and 
Mechanic  Arts  with  special  reference 
to  the  Agricultural  College  of  Penn- 
sylvania in  view  of  its  endowment  by 
the  Land  Scrip  Fund,"  printed  Jan- 
uary 6,  1864,  is  one  of  the  most  im- 
portant of  Dr.  Pugh's  papers.     It  is 
worthy  of  study  today,  not  only  as  an 
index  of  the  comprehensive  grasp  of 
hLs  mind,  but  for  its  prophetic  reach 
as  foreshadowing  the  history  and  gen- 


ius of  these  Industrial  Institutions. 
He  assumes  as  self-evident  the  need  of 
investigation,  laboratories,  models, 
machines,  museums  of  raw  materials 
and  exhibits  of  processes  of  manufac- 
ture, and  he  everywhere  points  the 
moral  by  illustrations  from  institutions 
studied  by  him  in  Germany,  France 
and  England.  Courses  of  study  are 
evaluated;  and  his  faculty,  a  mini- 
mum for  an  Industrial  College,  is 
twenty-nine.  The  Pennsylvania  Ag- 
ricultural College  had  in  1864,  five 
Professors,  one  Assistant  Professor  and 
one  Lecturer." 

Time  does  not  permit  me  to  enum- 
erate the  professorships  and  courses 
he  prescribed  as  necessary  for  the  new 
type  of  college  but  let  it  suffice  to  say 
Agricultural  College  Curricula  today 
are  but  refinements  of  his  original 
plan. 

As  soon  as  the  Land  Grant  Act  was 
passed,  political  pressure  came  from 
every  source  to  dissipate  the  funds  by 
diverting  them  to  other  types  of  edu- 
cational institutions,  by  establishing 
Agricultural  Professorships  in  so-call- 
ed trade  schools  and  colleges,  etc. 
One  of  our  greatest  debts  to  Pugh 
lies  in  the  fact  that  he  played  a  major 
role  in  preventing  this  catastrophe. 
He  made  many  trips  to  Washington 
in  the  interest  of  this  work. 

He  was  offered  a  number  of  lucra- 
tive Federal  positions  paying  more 
money  than  he  received  as  President 
of  the  Farmers'  High  School.  While 
some  of  these  offers  were  very  tempt- 
ing, he  wrote  Samuel  W.  Johnson 
that  his  mind  was  made  up.  He  was 
going  to  stay  and  set  his  pet  project 
through.  I  might  add  that,  as  Pres- 
ident, he  received  the  enormous  sal- 
ary of  $1500  per  year.  Out  of  this 
he  donated  $500  per  year  for  labora- 
tory  equipment. 

Through  his  efforts  Old  Main  was 
completed  and  his  chemistry  labora- 
tories were  considered  second  to  none. 
He  made  the  State  "Agricultural  Col- 
lege conscious"  and  recommended 
that  the  name  of  the  institution  be 
changed  to  "The  Agricultural  College 
of  Pennsylvania."  While  the  Civil 
War  undoubtedly  affected  student  at- 
tendance, there  were  142  students  en- 
( Continued  on  page  216) 
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On  the  Trail  of  Tender  Meat 

(Continued  from  page  198) 

made  prime  by  tenderizing.     It  was 
tender  but  still  tasted  medium. 
Other  Tenderizing  Methods 

The  housewife  can  tenderize  a  steak 
by  making  a  marinade,  consisting  of 
the  juice  of  a  lemon  and  two  table- 
spoons of  olive  oil  mixed  and  spread 
over  both  surfaces  of  a  steak.  Place 
the  steak  in  an  earthen  dish  and  set 
in  a  refrigerator  for  several  days.  The 
acetic  acid  in  the  lemon  juice  will 
tenderize  the  meat  and  the  olive  oil 
will  exclude  the  air  and  hold  down 
off  flavors. 

Roasts  can  be  tenderized  by  plac- 
ing them  overnight  in  a  weak  vinegar 
solution. 

Retailers  tenderize  steak  by  the  use 
of  cubing  machines  or  waffling  ma- 
chines or  by  scoring. 

Meat  may  also  be  tenderized  by 
the  use  of  the  powerful  enzymes  pa- 
pain or  bromelin  which  are  spread 
over  meat  in  a  liquid  form  and  tend- 
erize by  breaking  down  the  proteins. 
These  are  applied  about  five  minutes 
before  cooking,  after  which  the  heat 
will  then  destroy  the  enzyme  and  end 
the  process. 


215 


Dairy  Manufacturers 
Take  Trip 

The  Seniors  of  Dairy  Manufactur- 
ing left  for  their  spring  field  trip 
Sunday  April  2.  This  field  trip  is 
an  annual  affair  and  the  itinerary 
was   organized   by    Professor   C.   D. 

Dahle  for  twenty-two  seniors  in 
dairy  manufacturing.  The  trip  in- 
cluded the  two  large  milk  and  ice 
cream  consuming  cities  of  the  East; 
namely,  Philadelphia  and  New  York 
city. 

The  group  visited  such  plants  as 
Supplee-Wills-Jones  Milk  Co.,  Sup- 
plee-Wills- Jones  Ice  Cream  Co.,  Ab- 
botts Milk  Co.,  and  Breyers  Ice 
C^ream  Co.  all  of  Philadelphia  and 
Walker-G  o  r  d  o  n  Co.,  Plainsboro, 
New  Jersey.  During  their  stay  in 
the  largest  milk  consuming  city  in 
the  United  States  they  visited  Brey- 
ers Ice  Cream  Plant  and  Reid  Ice 
Cream  Plant.  While  in  New  York 
they  enrolled  in  the  Ice  Cream  Mer- 
chandizing Short  Course  which  was 
given  by  the  International  Associ- 
ation of  Ice  Cream  Manufacturers, 
Washington,     D.     C. 


SHORTHORN  OATTLE 

The  popular  farm  cattle 

SHORTHORNS  are  experioncins 
ail  c'liljirgtHl  outlet  for  erossinj^  pur- 
poses on  the  ranj^e.  The  estahlish- 
iiij;  of  smaU  herds  in  farminj:  areas 
is  (lelinitely  on  the  up. 

POLLED  SHORTHORNS  are  very 
popiihir.  They  fill  the  job  splend- 
idly where  one  wishes  eattle  of  su- 
perior l)e<'f  type  which  do  not  re- 
(piire  dehorning. 

MILKING  SHORTHORNS  are  the 
ideal  two-way  cattle.  They  com- 
bine beef  and  milk  to  such  dejjjree 
as  to  tit  beautifully  into  the  picture 
on  many  farms. 

AMERICAN   SHORTHORN 

BREEDERS'   ASSOCIATION 

7  Dexter  Park  Avenue 

CHICAGO,  ILLINOIS 


A  Common  Expression  in  TOWX  and  COUNTRY 


^^Yow  Cam  Get  It  At  Metzger^s^' 


Speed-O-Print  Duplicators  and  Suppli 

500  Sheets  of  good  Mimeograph  paper  -  65c 


STENCILS  -  15c  each;  $2.85  per  quire 
Ttiere  are  none  better 


\ 


Complete  Line  of  Athletic  Goods     \ 

5  Steel  Shaft  Golf  Clubs  and  Bag.     Special  at  $13.98        \ 


BOTH  RIGHTS  AND  LEFTS 


Tennis  Rackets  Restrung,  1-24  hr.  Service    ^ 

WE  USE  VICTOR  GUT  AND  SILK 


/ 


Visit  our  Photography  Department 

IT'S  COMPLETE  IN  EVERY  DETAIL 


Bicycles  For  Rent.  Equipped  for  Nighmding 


'and  of  course  .  .  .  AGRICULTURAL  BOOKS  ON  ALLjUg^TS 

METZOER 


Penn  State  1915 
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Debt  to  Pugh 

(Continued   from  page  200) 

rolled  in  1863  and  146  in  1864.  1 
have  already  mentioned  the  fact  thai 
eleven  graduate  students  were  enroll 
ed  in  1863.  These  topics  covered  th( 
fields  of  Agriculture,  Chemistry,  Bot- 
any and  Geology. 

It  is  clear  that  his  abilities  were  ap- 
preciated since  the  Editor  of  the  Phil 
adelphia  Ledger  stated  as  early  as  18 
59  that  "there  are  not  five  men  in  the 
Commonwealth  whose  ability  would 
not  be  taxed  by  the  headship  of  the 
Institution." 

He  offered  to  advance  $  1 000  of  his 


own  money  toward  the  construction 
of  a  President's  home  if  the  State 
would  furnish  an  additional  $2000. 
The  house  was  not  finished  when  he 
died  of  typhoid  fever  on  April  29, 
1864.  He  had  married  Miss  Rebecca 
Valentine  of  Belief onte  but  two 
months  prior  to  his  death. 

In  conclusion  may  I  repeat  that 
no  single  individual  has  done  as  much 
to  make  Penn  State  what  she  is  today. 
He  was  a  great  teacher,  an  outstand- 
ing scientist  and  a  capable  adminis- 
trator. He  sacrificed  his  life  in  an  al- 
most superhuman  effort  to  lay  the 
foundation  of  a  great  institution  with 


At  ^  NEHrXORILSafORLD^ 


The  World^s 
Most  Modern  Dairy 

This  Modern 

DAIRY  FEED 


See  the  herd  of  i$o  purebred  dairy  cows 
milked  while  they  ride  on  this  modem 
Rotolactor  — a  feature  of  the  Walker-Gordon 
System.    {Photo  taken  from  model.) 


BEACON 

SCIENTIFIC 
RATIONS 

Im,  the 

PUREBRCB 
DAIRY 

COWS 

^^DAIRY  WORLD 
of  TOMOBBOW 


44THE  Dairy  World  of  Tomorrow"^ 
I  Borden's  outstanding  exhibit  at  the 
New  York  World's  Fair— will  set  a 
new  high  in  the  scientific  care  and  handling  of 
high -producing  dairy  cows*  And  to  Beacon  Dairy 
Rations  has  been  entrusted  the  important  job  of 
maintaining  the  production,  health,  and  appear- 
ance of  this  World's  Fair  herd  of  150  outstanding 
cows. 

Beacon  has  earned  this  recognition  because  of  a 
sound  policy  based  on  a  thorough  scientific  knowl- 
edge of  dairy  cattle  nutrition  and  a  wide  practical 
experience  in  the  problems  of  milk  production— 
demotstrated  by  a  20-year  record  of  proved  per- 
form ctice.  The  Beacon  manufacturing  set-up 
neither  produces  nor  uses  any  fillers  or  by-pro- 
ducts of  low  nutritive  value*  This  allows  com- 
plete freedom  to  select  every  ingredient  solely  on 
the  basis  of  the  specific  contribution  it  will  make 
to  the  ration* 

FREE  DAIRY  BOOK— For  a  complete  story  of 
Beacon  Dairy  Rations,  write  for  a  free  copy  of 
''Profitable  Dairy  Management*** 

THE  BEACON  MILLING  COMPANY,  INC. 

'  Dept*  PF,  Cayuga,  New  York 


BEACON  ^,X 


PENN  STATE  FARMER 

high  cultural  and  scientific  standards. 
While  Penn  State  will  always  be 
the  best  possible  memorial  to  the 
memory  of  Dr.  Evan  Pugh,  let  us 
hope  that  the  time  is  not  far  off  when 
the  institution  itself  will  express  its 
appreciation  and  gratitude  by  some 
proper  form  of  recognition.  I  hoped 
that  the  administration  would  con- 
sider the  possibility  of  a  suitable  mem- 
orial during  the  present  building  pro- 
gram. 


Alfalfa  Molasses  Silage 

(Continued  from  page  194) 

taken  as  conclusive  evidence  until  sev- 
eral further  trials  are  completed. 

1.  The  steers  receiving  corn  and 
cob  meal  and  corn  silage  with  no  dry 
roughage  had  a  low  calcium  intake 
and  it  was  necessary  to  furnish  addi- 
tional calcium  in  the  form  of  ground 
limestone  or  steamed  bone  meal  to 
keep  them  on  feed. 

2.  The  steers  fed  alfalfa  molasses 
silage  consumed  almost  twice  as  much 
silage  as  the  corn  silage  lot  and  were 
not  fed  protein  or  mineral  supple- 
ment. 


Lots 


I 
II 

III 


Average 
Daily 
Gain 

2.08    lbs. 

2.3G    lbs. 

2.13    lbs. 


Cost 

of  100  lbs. 

Gain 

$9.18 
$8.50 
$9.52 


Information  About  School 

(Continued  from  page  202) 

the  remaining  two,  one  has  chosen  ex- 
tension work  and  the  other  has  select- 
ed marriage. 

The  girls  who  studied  Institutional 
Administration  have  entered  various 
fields.  Nine  of  them  are  furthering 
their  education  by  taking  their  dietar) 
interneships.  Two  are  nutritional  ad- 
visers with  the  Farm  Security,  while 
four  more  are  commercial  demon- 
strators for  food,  electrical  or  oth'^r 
utility  companies.  One  is  with  a 
school  cafeteria  and  another  is  a  Y. 
M.  C.  A.  dietitian.  Marriage  claim- 
ed two  from  the  group. 

Because  the  girls  from  Option  III 
are  engaged  in  such  varied  types  of 
work,  the  employment  records  are  not 
available.  x 

If  one  studies  these  statistics,  sure- 
ly, she  will  know  more  about  her  Col- 
lege and  she  will  have  a  better  idea 
as  to  what  she  may  expect  after  grad- 
uation. 


Eeprinted  from  Journal  of  Dairy  Science,  May,  1939,  Vol.  XXII  No  5 

pages  321-328.  '       '    ' 


CAROTENE  IN  THE  NUTRITION  OF  DAIRY  CALVES* 

C.  C.  FLORA,  R.  E.  WARD  and  S.  I.  BECHDEL 
Department  of  Dairy  Husbandry 

AND 

N.  B.  GUERRANT  and  R.  A.  DUTCHER 
Department  of  Agricultural  and  Biological  Chemistry,  The  Pennsylvania  State  College 

The  necessity  of  vitamin  A  for  proper  growth  and  well  being  of  dairy 
calves  has  been  conceded  quite  generally  for  the  past  ten  years.  It  has  been 
shown  that  for  this  species  the  general  symptoms  of  vitamin  A  deficiency 
are  slow  growth,  general  unthriftiness,  scours,  blindness,  susceptibility  to 
pneumonia,  and  oedema. 

Studies  at  the  Pennsylvania  Agricultural  Experiment  Station  in  which 
large  amounts  of  cottonseed  meal  were  fed  to  calves  have  shown  definitely 
that  supplements  of  cod  liver  oil  or  alfalfa  hay  of  good  quality  will  prevent 
the  usual  malnutrition  or  cottonseed  meal  injury  that  results  from  such 
feeding  practice.  If  the  injury  had  not  progressed  too  far  cures  were  af- 
fected by  the  same  treatment.  The  vitamin  A  present  in  the  cod  liver  oil 
and  the  carotene  (the  mother  substance  of  vitamin  A)  in  alfalfa  undoubt- 
edly played  a  major  role  in  the  prevention  and  cure  of  this  malnutrition. 
Carotene  dissolved  in  cottonseed  oil,  on  the  other  hand,  apparently  had  little 
or  no  effect  in  the  prevention  or  cure  of  this  nutritional  ailment. 

Jones,  Eckles  and  Palmer  (11)  showed  very  conclusively  that  vitamin 
A  is  indispensable  in  the  growth  of  dairy  calves.  Bechdel,  Eckles  and  Pal- 
mer (3)  in  the  same  year  reported  that  calves  developed  symptoms  of  vita- 
min A  deficiency  when  cod  liver  oil  was  not  included  in  their  experimental 
ration  of  corn  gluten  feed,  casein,  polished  rice  and  butterfat. 

Converse  and  Meigs  (6)  found  that  cows  fed  on  timothy  hay  of  low  grade 
for  a  period  of  two  or  more  years  were  unable  to  produce  normal  calves. 
Calves  fed  on  the  milk  from  these  cows  soon  died.  The  investigators  found 
that  vitamin  A  in  the  form  of  carotene  or  cod  liver  oil  can  be  added  to  the 
deficient  milk  rations  of  the  calves  and  by  doing  so  make  them  adequate  for 
producing  approximately  normal  growth. 

After  depleting  calves  of  their  body  store  of  vitamin  A  by  feeding  a 
basal  diet  composed  of  skimmilk,  cottonseed  meal,  dried  beet  pulp  and  bone 
meal,  Kuhlman,  Gallup  and  Weaver  (12)  found  that  5  ml.  of  a  commercial 
carotene  preparation  fed  in  combination  with  a  vitamin  D  supplement  was 
as  effective  in  relieving  the  vitamin  A  deficiency  symptoms  as  30  ml.  of  cod 
liver  oil. 

Received  for  publication,  December  2,  1938. 

*  Authorized  for  pubUcation  on  November  29,  1938,  as  paper  No.  869  in  the  Journal 
Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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own  money  toward  the  construction 
of   a   President's   home   if   the   State 

}  would  furnish  an  additional  $2000. 
The  house  was  not  finished  when  he 

t  died  of  typhoid  fever  on  April  29, 
1864.  He  had  married  Miss  Rebecca 
Valentine  of  Belief onte  but  two 
months  prior  to  his  death. 

In  conclusion  may  I  repeat  that 
no  single  individual  has  done  as  much 
to  make  Penn  State  what  she  is  today. 
He  was  a  great  teacher,  an  outstand- 
ing scientist  and  a  capable  adminis- 

[  '.  trator.  He  sacrificed  his  life  in  an  al- 
:  most  superhuman  effort  to  lay  the 
'  foundation  of  a  great  institution  with 


See  the  herd  of  130  purebred  dairy  cows 
milked  while  they  ride  on  this  modem 
Rotolactor- a  feature  of  the  Walker-Gordon 
System.    {Photo  taken  from  model.) 
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^^  I  Borden's  outstanding  exhibit  at  the 
4*1  New   York  World's   Fair— will  set  a 

'  ligh    in   the   scientific   care    and   handling   of 

•roducing  dairy  cows.  And  to  Beacon  Dairy 
j^is   has  been   entrusted  the   important   job  of 

fiining  the  production,  health,  and  appear- 
f  this  World's  Fair  herd  of  150  outstanding 
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l^n  has  earned  this  recognition  because  of  a 

1;  policy  based  on  a  thorough  scientific  knowl- 
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I   ence   in   the   problems   of   milk   production— 
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high  cultural  and  scientific  standards. 
While  Penn  State  will  always  be 
the  best  possible  memorial  to  the 
memory  of  Dr.  Evan  Pugh,  let  us 
hope  that  the  time  is  not  far  off  when 
the  institution  itself  will  express  its 
appreciation  and  gratitude  by  some 
proper  form  of  recognition.  I  hoped 
that  the  administration  would  con- 
sider the  possibility  of  a  suitable  mem- 
orial during  the  present  building  pro- 
gram. 


Alfalfa  Molasses  Silage 

(Continued  from  page  194) 

taken  as  conclusive  evidence  until  sev- 
eral further  trials  are  completed. 

1.  The  steers  receiving  corn  and 
cob  meal  and  corn  silage  with  no  dry 
roughage  had  a  low  calcium  intake 
and  it  was  necessary  to  furnish  addi- 
tional calcium  in  the  form  of  ground 
limestone  or  steamed  bone  meal  to 
keep  them  on  feed. 

2.  The  steers  fed  alfalfa  molasses 
silage  consumed  almost  twice  as  much 
silage  as  the  corn  silage  lot  and  were 
not  fed  protein  or  mineral  supple- 
ment. 
Lots 


I 
TI 

III 


Average 
Daily 
Gain 

2.08    lbs. 

2.3G    lbs. 

2.13    lbs. 


Cost 

of  100  lbs. 

Gain 

$9.18 
$8.50 
$9.52 
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(Continued  from  page  202) 

the  remaining  two,  one  has  chosen  ex- 
tension work  and  the  other  has  select- 
ed marriage. 

The  girls  who  studied  Institutional 
Administration  have  entered  various 
fields.  Nine  of  them  are  furthering 
their  education  by  taking  their  dietary 
interneships.  Two  are  nutritional  ad- 
visers with  the  Farm  Security,  while 
four  more  are  commercial  demon- 
strators for  food,  electrical  or  oth'^r 


tritive  value.    This  aUows  com-     ^_^.,.^^,    rorr.nani«5.     One    is    with    a 
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CAROTENE  IN  THE  NUTRITION  OF  DAIRY  CALVES* 

C.  C.  FLORA,  R.  E.  WARD  and  S.  I.  BECHDEL 
Department  of  Dairy  Husbandry 

AND 

N.  B.  GUERRANT  and  R.  A.  DUTCHER 
Department  of  Agricultural  and  Biological  Chemistry,  The  Pennsylvania  State  College 

The  necessity  of  vitamin  A  for  proper  growth  and  well  being  of  dairy 
calves  has  been  conceded  quite  generally  for  the  past  ten  years.  It  has  been 
shown  that  for  this  species  the  general  symptoms  of  vitamin  A  deficiency 
are  slow  growth,  general  unthriftiness,  scours,  blindness,  susceptibility  to 
pneumonia,  and  oedema. 

Studies  at  the  Pennsylvania  Agricultural  Experiment  Station  in  which 
large  amounts  of  cottonseed  meal  were  fed  to  calves  have  shown  definitely 
that  supplements  of  cod  liver  oil  or  alfalfa  hay  of  good  quality  will  prevent 
the  usual  malnutrition  or  cottonseed  meal  injury  that  results  from  such 
feeding  practice.  If  the  injury  had  not  progressed  too  far  cures  were  af- 
fected by  the  same  treatment.  The  vitamin  A  present  in  the  cod  liver  oil 
and  the  carotene  (the  mother  substance  of  vitamin  A)  in  alfalfa  undoubt- 
edly played  a  major  role  in  the  prevention  and  cure  of  this  malnutrition. 
Carotene  dissolved  in  cottonseed  oil,  on  the  other  hand,  apparently  had  little 
or  no  effect  in  the  prevention  or  cure  of  this  nutritional  ailment. 

Jones,  Eckles  and  Palmer  (11)  showed  very  conclusively  that  vitamin 
A  is  indispensable  in  the  growth  of  dairy  calves.  Bechdel,  Eckles  and  Pal- 
mer (3)  in  the  same  year  reported  that  calves  developed  sypaptoms  of  vita- 
min A  deficiency  when  cod  liver  oil  was  not  included  in  their  experimental 
ration  of  corn  gluten  feed,  casein,  polished  rice  and  butterfat. 

Converse  and  Meigs  (6)  found  that  cows  fed  on  timothy  hay  of  low  grade 
for  a  period  of  two  or  more  years  were  unable  to  produce  normal  calves. 
Calves  fed  on  the  milk  from  these  cows  soon  died.  The  investigators  found 
that  vitamin  A  in  the  form  of  carotene  or  cod  liver  oil  can  be  added  to  the 
deficient  milk  rations  of  the  calves  and  by  doing  so  make  them  adequate  for 
producing  approximately  normal  growth. 

After  depleting  calves  of  their  body  store  of  vitamin  A  by  feedmg  a 
basal  diet  composed  of  skimmilk,  cottonseed  meal,  dried  beet  pulp  and  bone 
meal  Kuhlman,  Gallup  and  Weaver  (12)  found  that  5  ml.  of  a  commercial 
carotene  preparation  fed  in  combination  with  a  vitamin  D  supplement  was 
as  effective  in  relieving  the  vitamin  A  deficiency  symptoms  as  30  ml.  ot  cod 
liver  oil. 

Received  for  pubUcation,  December  2,  1938.  Tn,,^ai 
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Bechdel  (2),  and  Bechdel,  "Williams  and  Skaggs  (4)  produced  typical 
cottonseed  meal  injury  in  calves.  The  symptoms  simulated  vitamin  A  de- 
ficiency, only  the  injury  seemed  to  be  somewhat  more  severe  in  that  occa- 
sional cases  of  convulsions  were  observed.  Cod  liver  oil  gave  adequate  pro- 
tection against  the  injury  and  brought  about  rapid  recovery,  while  carotene 
seemed  to  be  less  effective  in  protecting  against  the  cottonseed  meal  injury. 

Hart  and  Guilbert  (9)  observed  vitamin  A  deficiency  in  cattle  under 
range  conditions.  They  report  (10)  that  about  twenty-nine  micrograms  of 
carotene  in  alfalfa  hay  per  day  per  kilogram  of  body  weight  would  prevent 
or  cure  vitamin  A  deficiency  symptoms  in  cattle. 

Investigators  have  shown  that  the  type  of  solvent  used  is  an  important 
factor  in  determining  the  biological  value  of  carotene.  According  to 
Butcher,  Harris,  Hartzler  and  Guerrant  (7)  carotene  dissolved  in  mineral 
oil  cannot  be  utilized  by  the  rat. 

Moore,  Huffman  and  Buncan  (14)  observed  blindness  in  calves  dropped 
by  cows  while  receiving  roughage  of  poor  quality.  These  investigators  ob- 
served a  similar  condition  among  growing  heifers  fed  the  same  type  of 
ration.  Kuhlman,  Gallup  and  Weaver  (13)  reported  two  types  of  blindness 
among  calves  which  may  be  related  to  vitamin  A  deficiency. 

EXPERIMENT  I 

Grade  Holstein  calves  were  used  as  experimental  subjects.  The  concen- 
trate mixture  fed  was  similar  to  calf  rations  commonly  u^ed  on  good  dairy 
farms.  In  order  to  keep  the  vitamin  A  potency  of  the  ration  quite  low, 
yellow  corn  was  not  included  in  the  mixture.  The  constituents  were  as 
follows : 

Wheat  bran  150  pounds 

Oat  mids  200  pounds 

Hominy  feed   :. 300  pounds 

Linseed  meal 100  pounds 

Bistillers'  grain  50  pounds 

Irradiated  yeast  1  pound 

Salt    2  pounds 

The  treatment  of  the  calves  previous  to  going  on  experiment  consisted  in 
feeding  them  whole  milk  until  twenty  days  of  age.  At  this  time  the  whole 
milk  was  gradually  replaced  with  skimmilk  which  was  fed  to  all  calves  con- 
tinuously while  on  experiment.  Timothy  hay  of  very  low  grade,  almost 
devoid  of  green  color,  was  fed  prior  to  as  well  as  in  the  experimental  period. 
The  skimmilk  was  produced  by  cows  fed  on  a  low  vitamin  A  diet. 

All  animals  were  put  on  the  basal  ration  at  the  beginning  of  the  experi- 
ment, and  no  change  was  made  until  symptoms  of  vitamin  A  deficiency  were 
observed.  The  symptoms  first  noticed  were  loss  of  appetite  and  scouring. 
This  was  followed  by  a  general  drop  in  body  weight  and  blindness  developed 
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in  two  of  the  five  animals  used.     The  weight  of  the  animal  was  the  main 
criterion  used  in  determining  when  to  start  supplementing  the  ration  with 

the  treatment. 

A  preparation  of  carotene  dissolved  in  cottonseed  oil  was  used  as  the 
source  of  vitamin  A  for  two  animals  (calves  338  and  340).  This  prepara- 
tion contained  approximately  3,000  U.S.P.  units  of  vitamin  A  activity  per 
gram.    The  amounts  of  this  supplement  fed  are  given  in  Figure  1.    It  was 
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FIG.  1.    Growth  and  blood  carotene  curves  of  calves  used  in  Experiment  I. 

fed  daily  by  adding  it  to  the  skimmilk  just  before  feeding.  Two  animals 
(calves  337  and  341)  were  fed  two  pounds  of  fresh  carrots  daily  containing 
approximately  30,000  vitamin  A  units.  Dehydrated  alfalfa  hay  of  good 
Quality  was  fed  to  one  calf  (calf  342).  ,      .^       , 

Carotene  content  of  the  blood  serum  was  determined  at  regular  intervals 
throughout  the  experimental  period.    The  Palmer  method  modified  by  Con- 
ner  (5),  and  White  and  Gordon   (15)   was  used.     Non-protem  nitrogen 
glucose  and  hemoglobin  were  determined  on  the  blood  of  each  animal  at 
regular  intervals. 

RESULTS  ON  INDIVIDUAL  CALVES 

After  the  animals  were  depleted  of  their  vitamin  A  reserve  they  were 
treated  as  individuals  and  no  effort  was  made  to  experiment  with  them  a. 

^Thrtr^atent  and  response  of  each  animal  is  portrayed  in  Figure  1. 
The  Eckles  normal  growth  curve  is  used  as  a  standard  for  growth. 

Calf  No.  338  which  had  received  the  carotene  concentrate  made  normal 
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growth  for  only  the  first  30  days  on  the  experimental  ration.  It  developed 
pneumonia  on  the  44th  day  and  from  that  date  on  showed  typical  symptoms 
of  vitamin  A  deficiency.  Carotene  supplement  in  large  doses  was  ad- 
ministered on  the  109th  day  and  continued  until  the  end  of  the  experiment. 
This  amount  of  carotene  was  effective  in  increasing  the  blood  carotene 
slightly  but  the  animal's  growth  rate  gradually  declined. 

Calf  No.  340  which  also  received  the  carotene  concentrate  made  normal 
growth  on  the  experimental  ration  for  the  first  85  days  when  typical  symp- 
toms of  vitamin  A  deficiency,  scours,  loss  of  appetite  and  nasal  discharges 
appeared.  The  administration  of  the  carotene  supplement  did  not  increase 
the  blood  carotene  or  the  growth  rate  to  an  appreciable  extent. 

Calf  No.  337  made  normal  growth  on  the  experimental  ration  for  the 
first  81  days.  It  showed  typical  vitamin  A  deficiency  symptoms,  consisting 
of  scours,  loss  of  appetite  and  finally  blindness  on  the  164th  day.  When 
carrots  were  fed,  the  blood  carotene  increased  rapidly  and  the  growth  rate 
was  accelerated. 

Calf  No.  341  was  below  normal  in  weight  when  put  on  experiment.  Its 
growth  rate  remained  almost  constant  for  the  first  80  days,  but  declined 
appreciably  from  this  time  on  until  156  days  on  experiment.  Blindness  was 
observed  on  the  142nd  day.  About  one  week  after  carrots  were  added  to 
the  ration  the  growth  rate  began  to  increase.  A  phenomenal  increase  of  the 
blood  carotene  was  also  observed  after  carrots  were  fed. 

Calf  No.  342  made  practically  normal  growth  gains  although  she  showed 
symptoms  of  vitamin  A  deficiency  such  as  scours,  loss  of  appetite  and  nasal 
discharges.  The  addition  of  alfalfa  to  the  ration  increased  the  blood  caro- 
tene immediately,  and  the  rate  of  growth  was  also  increased  remarkably. 
Other  symptoms  of  vitamin  A  deficiency  also  disappeared  promptly. 


GENERAL  DISCUSSION 

The  results  with  calves  Nos.  338  and  340  indicate  that  carotene  dissolved 
in  cottonseed  oil  is  not  utilized  to  the  extent  that  it  will  prevent  or  cure 
avitaminosis  A  that  results  from  feeding  the  above  experimental  rations. 
There  is  evidence  that  the  calves  utilized  some  of  the  carotene  but  not  enough 
to  make  its  effect  significant. 

Carrots  were  quite  effective  in  correcting  the  avitaminosis  A  (blindness 
excepted)  in  calves  Nos.  337  and  341.  Alfalfa  hay  of  good  quality  (dehy- 
drated) appeared  to  be  slightly  more  effective  than  carrots  as  shown  by  the 
results  on  calf  No.  342.  This  is  explainable  through  the  fact  that  the  alfalfa 
was  fed  in  relatively  large  amounts  and,  therefore,  more  vitamin  A  units 
were  supplied  than  in  the  carrots  fed  to  the  calves  Nos.  337  and  341. 

The  blood  carotene  studies  are  of  special  interest  in  this  connection. 
The  chart  reveals  that  the  carotene  appeared  in  the  blood  stream  almost 
immediately  in  large  amounts  when  carrots  or  alfalfa  were  fed  to  the 
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calves  suffering  from  avitaminosis  A.  The  blood  carotene  was  increased  in 
amounts  that  were  barely  measurable  when  a  carotene  supplement  was  fed 
to  the  calves  suffering  with  avitaminosis  A.  It  is  interesting  to  note,  as  indi- 
cated in  the  chart,  that  the  potential  units  of  vitamin  A  in  the  carotene 
supplement  administered  were  much  greater  than  the  total  unitage  con- 
tained in  the  carrots. 

Non-protein  nitrogen,  hemoglobin,  and  sugar  determinations  made  dur- 
ing the  depletion  period  did  not  show  abnormal  values  as  found  by  Ander- 
son, Gayley  and  Pratt  (1). 

EXPERIMENT  II 

A  second  experiment  was  planned  with  the  view  of  obtaining  further 
information  on  the  effectiveness  of  carotene  in  preventing  and  in  curing  the 
usual  avitaminosis  A  that  occurs  from  feeding  calves  on  hay  of  poor  quality. 
Timothy  hay  of  low  grade  (with  little  green  color)  was  used  in  this  experi- 
ment. Six  calves  (calves  354,  356,  357,  361,  362,  and  363)  were  fed  a  con- 
centrate ration  low  in  vitamin  A.  This  grain  ration  was  very  similar  to 
rations  commonly  used  by  dairy  farmers.  Five  other  calves  (calves  349, 
350,  355,  364,  and  365)  were  fed  a  grain  ration  which  contained  fifty-seven 
per'cent'cottonseed  meal.  Two  of  these  calves  (calves  364  and  365)  received 
no  hay.  All  calves  were  left  with  their  dams  for  two  or  three  days  after 
birth.  They  were  then  fed  whole  milk  until  two  weeks  of  age,  after  which 
skimmilk  was  gradually  substituted  for  the  whole  milk.  All  calves  were 
weighed  at  weekly  intervals  at  which  time  blood  samples  were  taken  for 

carotene  determinations. 

The  timothy  hay,  assayed  by  the  colorimetric  method,  was  found  to  con- 
tain 4  5  micrograms  of  carotene  per  gram.  The  carotene  supplement  was 
guaranteed  to  have  a  biological  activity  of  approximately  3,000  U.S.P.  units 
of  vitamin  A  per  gram.  This  concentrate  was  weighed  into  i  and  i  ounce 
capsules  and  administered  by  means  of  a  balling  gun.  The  livers  of  all 
calves  that  were  slaughtered  were  assayed  for  vitamin  A  by  the  antimony 
trichloride  method  as  outlined  by  Guilbert  and  Hart  (8). 

One  of  the  calves  (calf  362)  receiving  the  low  vitamin  A  ration  was  fed 
four  and  one-half  grams  of  the  carotene  supplement  beginning  with  the  sixth 
week  and  continuing  to  the  end  of  the  experiment.    The  five  otb- ^^^^^^^^^^ 
were  fed  the  basal  ration  until  marked  symptoms  of  v:tamm  A  deficiency 
occurred     At  this  time  amounts  ranging  from  four  and  one-half  to  eighteen 
grams  of  the  carotene  supplement  were  administered  daily  to  the  different 
individuals  (Figure  2).    Three  of  the  calves  (calves  349,  350,  and  355)  re- 
^nXe  hfgh'^tonL^  meal  ration  were  treated  in  a  like  manner.     One 
of  the  two  calves  (calf  364)  receiving  no  hay  was  given  four  and  ^ne^^^^^^ 
grams  of  the  carotene  supplement  daily.     The  ^^^^  ^^^^  ^^^^^^'^^  "J 
continued  on  the  basal  ration  until  it  became  very  weak.    Nine  grams  of  the 
Ltene  supplement  were  then  administered  to  this  animal  daily.     Here 
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again,  the  chief  criterion  for  starting  the  administration  of  carotene  supple- 
ment was  failure  of  the  animal  to  gain  in  weight.  Other  symptoms  of 
vitamin  A  deficiency,  especially  dilated  pupils  and  blindness,  were  used  as 
further  means  of  diagnosis. 
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Fig.  2.     Growth  and  blood  carotene  curves  of  calves  used  in  second  experiment. 

RESULTS  AND  DISCUSSION 

In  every  case  following  the  administration  of  the  carotene  concentrate 
there  was  a  marked  improvement  in  general  condition  of  the  calf  which  also 
was  usually  accompanied  by  an  accelerated  growth  rate.  The  effect  of 
carotene  administration  on  blood  carotene  varied  from  slight  increases  in 
some  cases  to  very  decided  increases  in  other  cases  (Figure  2).  The  in- 
creases observed  correspond  roughly  with  the  quantity  of  carotene  admin- 
istered. The  relative  amounts  of  vitamin  A  in  the  liver  tissues  also  were 
found  to  correspond  closely  with  the  quantity  of  carotene  supplement  ad- 
ministered. This  fact  offers  further  proof  that  the  carotene  supplement  was 
being  utilized  by  the  calves  as  a  source  of  vitamin  A. 

The  calves  fed  on  the  high  cottonseed  meal  ration  (calves  349,  350,  355, 
364,  and  365)  exhibited  symptoms  which  corresponded  closely  with  the 
symptoms  exhibited  by  those  on  the  low  vitamin  A  ration  without  cotton- 
seed meal.  They  responded  to  the  administration  of  the  carotene  concen- 
trate in  the  usual  manner.  The  calves  on  this  ration  showed  a  greater  ten- 
dency toward  intestinal  disturbances  and  they  also  exhibited  symptoms  of 
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vitamin  A  deficiency  in  a  much  shorter  time  than  did  similar  calves  receiv- 
ing the  other  low  vitamin  A  ration  which  contained  no  cottonseed  meal. 

The  poor  response  of  calf  No.  365  while  receiving  no  hay  indicates  the 
importance  of  hay  as  a  source  of  carotene  in  the  nutrition  of  calves.  In 
this  case  distinct  symptoms  of  malnutrition  were  produced  very  readily  in 
the  absence  of  both  hay  and  carotene  from  its  ration.  Following  the  admin- 
istration of  9  grams  of  the  carotene  supplement  daily  this  animal  showed 
marked  improvement  but  never  became  normal.  On  the  other  hand,  four 
and  one-half  grams  of  the  carotene  supplement  when  added  to  the  ration  of 
calf  No.  364,  was  sufficient  to  prevent  malnutrition  in  this  animal  for  a 
considerable  period  (Figure  2). 

Blindness  was  not  observed  in  those  calves  in  which  severe  avitaminosis 
A  appeared  quite  rapidly.  It  appeared,  however,  in  cases  of  those  which  had 
undergone  a  prolonged  period  of  mild  avitaminosis  A  during  which  the 
growth  rate  was  only  slightly  subnormal.  By  carefully  examining  the  eyes 
of  the  animals,  it  was  found  that  the  pupils  were  always  dilated,  and  that  the 
onset  of  blindness  could  be  detected. 

The  carotene  supplement  used  in  this  experiment,  when  administered  in 
capsules  and  used  in  combination  with  a  ration  which  was  adequate  in  other 
respects,  appeared  to  give  results  which  compare  very  favorably  with  the 
results  that  had  been  obtained  previously  with  alfalfa,  carrots,  and  cod  liver 
oil.  The  more  clear  cut  and  significant  responses  obtained  in  the  second  ex- 
periment as  the  result  of  feeding  vitamin  A  deficient  calves  definite  amounts 
of  the  carotene  concentrate  are  in  all  probability  due  to  improvements  in 
technic  and  to  more  extensive  data  obtained  through  the  use  of  a  larger 
number  of  animals. 

SUMMARY 

Avitaminosis  A  was  produced  in  growing  calves  through  the  use  of  poor 
quality  bleached  and  aged  timothy  hays  fed  in  connection  with  a  grain  mix- 
ture. Fresh  carrots  and  alfalfa  hay  (dehydrated)  of  good  quality  were 
quite  effective  in  correcting  this  avitaminosis  A  in  calves.  A  commercial 
carotene  concentrate  also  proved  effective  in  preventing  and  curing  the 
avitaminosis  A  that  resulted  from  feeding  calves  rations  of  low  carotene 
content,  as  well  as  overcoming  the  malnutrition  resulting  from  feeding  high 
percentages  of  cottonseed  meal. 
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Research  literature  in  the  field  of  nutrition  abounds  in  un- 
explained variations  and  discrepancies  owing  to  numerous 
biological  variables  which  are  difficult  if  not  impossible  to 
control.  This  is  especially  true  of  those  data  obtained  in 
investigations  dealing  with  various  phases  and  forms  of  mal- 
nutrition. Investigators  have  long  recognized  certain  influ- 
encing factors  and  have  attempted  to  determine  the  relative 
magnitude  of  their  respective  influences  on  the  ultimate  ex- 
perimental results.  The  importance  of  heredity  and  previous 
nutritional  history  of  the  experimental  subjects,  together  with 
such  factors  as  age,  sex  and  size,  have  been  rather  extensively 
investigated.  Other  factors  including  radiant  energy  and  en- 
vironmental temperatures  and  humidities  have  also  received 
consideration.  Although  it  has  been  frequently  assumed  that 
a  relationship  exists  between  the  physical  activity  of  an  ex- 
perimental animal  and  its  nutritional  response,  little  actual 
experimental  work  has  been  done  toward  establishing  the 
relative  significance  of  this  factor,  and  these  efforts  have  been 
directed  mainly  from  the  standpoint  of  energy  requirements. 

>  Authorized  for  publication  December  9,  1938,  as  paper  no.  876  in  the  journal 
series  of  the  Pennsylvania  Agricultural  Experiment  Station. 

*  Presented  before  the  division  of  biological  chemistry  at  the  Milwaukee  meeting 
of  the  American  Chemical  Society,  September  5  to  9,  1938. 
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It  appears  that  adequate  investigations  have  not  been  con- 
ducted regarding  either  the  relationship  of  physical  activity 
to  the  vitamin  requirement  of  various  species  of  animals  or 
to  the  effect  of  vitamin  intake  on  the  inclination  of  such  ani- 
mals to  exercise.    Yoshiue  ('22)  reported  that  vitamin  B  de- 
ficient rats  which  were  exercised  died  before  developing  the 
muscular  paralysis  typical  of  this  deficiency.    Blacklock  ( '24), 
on  the  other  hand,  has  expressed  a  belief  that  lack  of  exercise 
accelerates  and  accentuates  the  ill  effects  of  diets  deficient  in 
vitamin  B.    This  author  cites  the  fact  that  the  disease  beri 
beri  most  frequently  occurs  in  institutions  and  in  those  situa- 
tions where  a  fixed  diet  and  some  degree  of  confinement  are 
usually  maintained.    Keith  and  Mitchell  ('23)  placed  rats  re- 
ceiving a  vitamin  A  deficient  diet  in  cylindrical  boxes  and 
rotated  the  boxes  at  the  rate  of  thirteen  revolutions  per  min- 
ute for  periods  ranging  from  30  to  40  hours  per  week.    As  a 
result  of  the  studies  these  authors  concluded  that  exercise 
distinctly  hastened  the  appearance  of  the  symptoms  of  vita- 
min A  deficiency  and  hastened  the  death  of  young  animals 
receiving  vitamin  A  deficient  diets.     Similar-  studies  carried 
out  by  these  authors  while  employing  diets  deficient  in  vitamin 
B  did  not  show  that  the  requirement  for  this  dietary  factor 
was  affected  by  exercise.  In  addition  to  these  citations,  numer- 
ous authors  have  inferred  that  they  recognized  certain  influ- 
ences of  exercise  on  vitamin  requirement  as  well  as  increased 
physical  activity  as  the  result  of  adequate  vitamin  intake, 
although  no  data  were  given  in  support  of  such  statements. 
It  would  seem  that  if  exercise  does  influence  vitamin  re- 
quirement some  of  the  variations  in  individual  response  of 
experimental  animals  comprising  a  carefully  selected  group 
might  be  due  to  differences  in  physical  activity  of  different 
animals  in  the  group,  and  also  that  differences  in  responses 
obtained  by  different  investigators  might  be  at  least  partially 
explained  on  the  basis  of  the  difference  in  the  degree  of  free- 
dom allowed  the  experimental  subjects.    With  these  thoughts 
in  mind  it  appeared  that  the  influence  of  exercise  or  activity 
of  the  experimental  animal  on  its  vitamin  requirements  and 
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also  the  effect  of  vitamin  intake  on  physical  activity  merited 
further  study.  The  present  report  is  concerned  primarily 
with  the  influence  of  exercise  on  the  development  and  well 
being  of  the  growing  rat  in  the  presence  and  absence  of  vita- 
min A.  Similar  studies  are  now  under  way  with  reference 
to  other  vitamins. 


EXPERIMENTAL 

The  investigation  consisted  essentially  of  a  comparison  of 
the  physiological  activity  and  growth  responses  of  comparable 
groups  of  young  rats  while  being  maintained  under  identical 
conditions  with  the  exception  of  the  amount  of  exercise  per- 
mitted by  the  types  of  caging  employed  and  of  the  vitamin  A 
intake.  The  experimental  equipment  consisted  of  three  sets 
of  individual  all-metal  cages,  of  which  two  sets  were  of  rotat- 
ing type,  having  a  wheel  approximately  14  inches  in  diam- 
eter that  was  equipped  with  a  registering  cyclometer.  One 
set  of  the  rotating  cages  was  so  arranged  on  one  side  of  a 
large  table  that  the  wheels  could  be  rotated  at  a  definite  speed 
by  means  of  a  continuous  belt  driven  by  an  electric  motor 
through  a  gear  reducing  mechanism.  The  second  set  of  ro- 
tating cages  was  arranged  on  the  opposite  side  of  the  table 
and  the  wheel  of  each  cage  was  adjusted  so  as  to  allow  uni- 
form freedom  of  rotation.  The  third  set  of  cages  consisted 
of  our  regular  laboratory  cages,  each  of  which  had  approxi- 
mately 120  square  inches  of  floor  space.  All  cages  were  pro- 
vided with  raised  screen  floors.    Clean  paper  was  kept  under 

the  cages. 

Healthy  rats,  21  to  23  days  of  age  and  weighing  approxi- 
mately 45  gm.,  were  used  as  the  experimental  subjects.  A 
special  effort  was  made  to  place  comparable  animals  of  the 
same  litter,  sex  and  body  weight  in  the  three  respective  groups. 
All  animals  were  fed  ad  libitum  a  vitamin  A  deficient  basal 
diet  which  consisted  of:  purified  casein  18,  salt  mixture  3, 
Cell-U-flour  2,  dextrinized  cornstarch  77  and  irradiated  yeast 
8.    Clean  distilled  water  was  available  at  all  times. 
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Each  set  of  animals  was  subdivided  into  two  groups.  Ani- 
mals of  one  group  received  only  the  vitamin  A  deficient  diet 
until  depleted  of  their  body  reserve  of  this  vitamm,  while  the 
animals  of  the  second  group  served  as  positive  controls  and 
in  consequence  each  received  2  U.S.P.  units  of  vitamm  A 
daily.  After  being  depleted,  the  animals  of  the  former  group 
also  received  this  quantity  of  vitamin  A  daily  for  a  period 

of  35  days.  „     ^ , 

The  animals  of  the  forced  exercise  group  were  allowed 
access  to  the  rotating  wheel  only  during  the  period  of  rota- 
tion  During  the  remainder  of  the  time  they  were  confined 
in  the  small  side  cage  (60  square  inches  of  floor  space)  con- 
taining  the  food  and  water.  The  animals  of  the  voluntary 
exercise  group  and  those  housed  in  the  stationary  cages  were 
allowed  free  access  to  the  entire  cage  at  all  times. 

Observations  made  on  a  group  of  normal  young  rats  which 
received  our  breeding  colony  diet,  housed  in  the  above  type 
of  rotating  cage  and  allowed  freedom  of  exercise,  had  shown 
that  an  average  of  1000  revolutions  per  day  was  made  during 
a  period  of  70  days.    This  number  of  revolutions  was  taken, 
therefore,  as  the  basis  for  the  maximum  daily  rotation  of  the 
forced   exercised   groups.    Previous   observations   had   also 
indicated  that  a  speed  of  approximately  six  revolutions  per 
minute,  with  this  particular .  type  of  cage,  was  the  most  effec- 
tive in  keeping  the  animals  in  constant  motion.    Speeds  less 
than  six  revolutions  per  minute  allowed  the  animals  to  stop 
frequently,  while  greater  speeds  tended  to  cause  the  animals 
to  cling  to  the  wheel  and  ^ride'  instead  of  exercising  as  was 
desired.    At  the  above  rate  of  rotation,  approximately  3  hours 
per  day  were  required  to  rotate  the  cages  of  the  forced  exer- 
cise group  1000  revolutions  or  a  distance  of  approximately 
0  7  mile     This  period  of  rotation  was  always  started  m  the 
early  forenoon  following  the  weighing  of  the  animals      At  the 
end  of  the  rotation  period  each  animal  was  again  returned  to 
the  small  side  cage  containing  the  food  and  water  where  it 
remained  until  the  following  day. 


A  daily  record  was  made  of  the  weight  of  the  animal,  the 
amount  of  food  consumed,  the  number  of  fecal  pellets  and 
the  number  of  revolutions  made  by  the  wheels  of  the  rotating 
cages  during  the  previous  24  hours.  All  fecal  matter  was 
removed  from  the  cage  pans  daily  and  stored  in  glass  con- 
tainers. At  the  end  of  each  week  the  fecal  collection  from 
each  rat  was  dried  and  weighed.  Daily  observations  were  also 
made  of  the  animals  in  an  effort  to  detect  the  onset  as  well  as 
the  relative  stage  of  the  symptoms  characteristic  of  vitamin 
A  deficiency.  As  the  body  weight  of  each  animal  ceased  to 
increase  and  symptoms  of  xerophthalmia  appeared  in  one  or 
both  eyes,  the  animal  was  given  daily  doses  of  2  U.S.P.  units 
of  vitamin  A  as  a  supplement  to  the  deficient  diet  (see  above). 
The  duration  of  the  experimental  periods  for  all  animals 
ranged  from  64  to  71  days,  depending  upon  the  time  required 
to  deplete  the  respective  animals.  Those  animals  receiving 
the  vitamin  A  supplement  from  the  beginning  of  the  experi- 
ment were  continued  under  observation  for  a  period  of  70 
days. 

DATA 

In  order  to  conserve  space  the  data  obtained  for  individual 
animals  have  been  reduced  to  group  averages  and  are  pre- 
sented in  the  following  charts  (see  figs.  1  to  5  inclusive).  Only 
data  from  those  animals  which  survived  the  entire  experi- 
mental period  have  been  used  in  tabulating  these  summaries. 

DISCUSSION 

It  was  observed  at  the  beginning  of  the  experiment  that 
those  animals  housed  in  the  rotating  cages  and  composing  the 
forced  exercise  group  were  unable  to  undergo  the  full  1000 
revolutions  before  becoming  completely  exhausted.  In  order 
to  avoid  any  possible  vitiating  effect  of  over  exhaustion  on 
subsequent  responses,  these  animals  were  exercised  during 
the  first  few  days  of  the  experiment  to  the  point  of  partial 
exhaustion  and  the  number  of  revolutions  was  increased  daily 
until  the  end  of  the  first  week  at  which  time  the  cages  were 
undergoing  the  desired  1000  revolutions  daily. 
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It  may  be  observed  from  the  data  presented  in  figure  1  that 
exercise,  under  the  conditions  of  this  experiment,  had  a  meas- 
urable depressing  effect  on  the  rate  of  growth  of  young  rats 
irrespective  of  the  vitamin  A  intake.  The  effect  of  this  fac- 
tor on  the  rate  of  growth  was,  however,  somewhat  greater 


THE  errcT  or  exercise  on  increase  in  boov-weioht. 
Fie  1     The  effect  of  different  amounts  of  exercise  on  the  growth  rate  of  young 
rats  while  being  maintained  under  comparable  dietary   conditions  except  as  to 
their  vitamin  A  intake. 

among  those  animals  which  had  been  previously  depleted  of 
their  body  store  of  vitamin  A.  These  findings  are  further 
emphasized  by  the  data  presented  in  figure  2  relative  to  the 
effect  of  exercise  on  the  total  change  in  body  weight  durmg 
the  entire  experimental  period.    Here  again  the  animals  ot 
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the  confined  groups,  both  with  and  without  vitamin  A,  made 
the  greatest  increases  in  body  weight.  No  attempt  was  made 
to  determine  the  chemical  nature  of  the  weight  increases  of 
the  respective  groups  of  animals. 

The  data  presented  in  figure  2  concerning  the  total  food 
intake  of  the  various  groups  of  animals  are  somewhat  sur- 
prising in  that  it  was  expected  that  greater  physical  activity 
would  result  in  greater  food  consumption  in  order  to  com- 
pensate for  the  greater  energy  exchange  involved.     Such  is 


AV.  BOW-WEIGHT  CHANGE.    AV.FOOD  INTAKE 


AV.NO. FECAL  PELLETS. 


Fig.  2  The  relative  effect  of  exercise  on  the  average  body  weight  increase, 
average  food  intake  and  average  number  of  fecal  particles  voided  by  young  rats 
receiving  a  diet  with  and  without  vitamin  A. 


not  indicated  by  the  data  obtained,  for  in  each  instance  the 
group  of  animals  undergoing  the  least  amount  of  exercise 
consumed  the  greatest  amount  of  food.  Similar  results  have 
been  reported  by  Keith  and  Mitchell  ('23).  While  no  ex- 
planation can  be  offered  at  this  time  for  the  suppressing  effect 
of  exercise  on  food  intake,  it  seems  highly  probable  that  the 
physical  effects  of  the  3  hours  of  rotation  during  the  fore- 
noon are  important  considerations. 
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Another  unexpected  observation  is  the  close  similarity  m 
the  total  amounts  of  food  consumed  by  the  animals  of  the 
corresponding  groups  irrespective  of  their  vitamin  A  intake. 
These  findings  can  at  least  be  partially  explained  on  the  basis 
of  the  high  food  intake  of  the  depleted  animals  during  the 
35  days  the  vitamin  A  supplement  was  fed. 

Fio-ure  2  also  contains  data  concerning  the  effect  of  exercise 
on  the  average  number  of  fecal  pellets  voided  by  the  different 
groups  of  animals  during  the  entire  experimental  period,    it 
will  be  observed  that  while  the  number  of  fecal  pellets  voided 
by  the  different  groups  of  rats  did  not  vary  widely,  in  each 
instance  those  animals  composing  the  forced  exercised  groups 
voided  the  greatest  number  of  pellets.     These  findings  may 
be  interpreted  as  signifying  a  favorable  effect  of  exercise  on 
intestinal  motility  and,  in  consequence,  on  elimination,    ihx- 
ercise  is  generally  believed  to  have  a  similar  effect  on  humans. 
When  one  considers  the  total  weight  of  the  fecal  matter,  the 
relative  proportions  of  food  excreted  as  fecal  matter  and  the 
average  weight  of  the  fecal  pellets  voided  by  the  various 
groups  of  animals   (fig.  3)   differences  between  the  groups 
become  more  significant.     In  all  instances  those  ammals  of 
the  confined  groups  voided  the  greatest  weight  of  fecal  matter, 
the  greatest  percentage  of  fecal  matter  and  the  heaviest  fecal 
pellets     The  lower  percentage  of  fecal  matter  from  the  ani- 
mals of  the  exercised  groups  might  be  explained  on  the  basis 
that  these  animals  were  more  efficient  in  the  utihzation  ot 
part  or  all  of  the  constituents  of  their  food  than  were  com- 
parable groups  of  animals  which  were  not  exercised.     The 
smaller  fecal  pellets  from  the  exercised  animals  further  indi- 
cate increased  intestinal  motility  among  the  animals  of  these 

^'^From  the  data  presented  in  figure  4  it  may  be  observed 
that  exercise  has  a  significant  effect  on  the  time  required  for 
the  cessation  of  growth  and  for  the  onset  of  xerophthalmia 
among  rats  receiving  a  diet  deficient  in  vitamin  A.  The  values 
given  in  these  graphs  represent  the  averages  for  all  animals 
of  the  respective  groups.    It  may  be  seen  that  it  required,  on 
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TOTAL  WT  FECAL  MATTER.     PERCENT  FECAL  MATTER.  AV.WX  FECAL  PARTICLES. 


Fig.  3  The  effect  of  exercise  on  the  total  weight  of  fecal  matter,  percentage 
of  fecal  matter  and  average  weight  of  fecal  particles  voided  by  young  rats  while 
receiving  diets  comparable  in  all  respects  except  as  to  the  vitamin  A  content. 


CESSATION  OF 
GROWTH. 


DEVELOPMENT  OF 
XEROPHTHALMIA. 


mYSlCAL. 
ACTIVITY. 


Fig.  4  The  effect  of  exercise  on  the  average  time  required  for  the  cessation 
of  growth  and  for  the  development  of  the  symptoms  of  xerophthalmia  among 
young  rats  receiving  a  diet  deficient  in  vitamin  A.  This  figure  also  shows  the 
relative  activity  (as  measured  by  rotation  of  the  cage  wheel)  of  comparable 
groups  of  young  rats,  of  which  the  animals  of  one  group  received  daily  2  U.S.P. 
units  of  vitamin  A  throughout  the  experiment,  while  the  animals  of  the  other 
group  received  no  vitamin  A  supplement  during  the  first  part  of  the  experiment 
but  received  2  U.S.P.  units  of  vitamin  A  daily  during  the  last  35  days. 
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an  average,  33  days  to  bring  the  animals  of  the  forced  exer- 
cise group  to  a  constant  body  weight,  while  similar  animals 
in  the  confined  cages  required  an  average  of  27.5  days.    Like- 
wise, an  average  of  34  days  was  required  to  produce  definite 
symptoms  of  xerophthalmia  among  the  animals  of  the  forced 
exercised  group,  while  those  of  the  confined  group  required 
only  29.6  days.    These  data  are  not  in  agreement  with  those 
obtained  by  Keith  and  Mitchell   ('23).     However,  the  two 
experimental  procedures  can  hardly  be  considered  compara- 
ble.    It  seems  possible  that  the  vitamin  A  requirement  of 
a  young  animal  may  be  more  definitely  related  to  its  rate  of 
growth  than  to  its  physical  activity.    It  has  been  frequently 
observed  in  this  laboratory  in  connection  with  our  regular 
vitamin  A  assays  that  those  animals  which  make  the  most 
rapid  rate  of  growth  during  the  depletion  period  also  are 
the  first  to  develop  the  symptoms  of  vitamin  A  deficiency. 
Hence,  it  appears  logical  to  assume  that  the  confined  animals 
which  made  the  greatest  increase  in  body  weight  and  m  con- 
sequence developed  the   greatest  demand  for  the  vitamin, 
should  show  the  earliest  symptoms  of  the  deficiency. 

Data  are  also  presented  in  figure  4  to  show  the  effect  of 
vitamin  A  intake  on  the  physical  activity  of  two  comparable 
groups  of  animals  while  being  maintained  in  the  freely  rotat- 
ing cages.  These  data  represent  the  average  number  of  volun- 
tary rotations  made  by  the  animals  of  the  two  groups.  It  is 
to  be  noted  that  those  animals  which  had  been  previously 
depleted  of  their  vitamin  A  reserves  made  a  total  of  22,000 
revolutions  during  the  experimental  period,  while  those  ani- 
mals which  received  2  U.S.P.  units  of  vitamin  A  daily  made 
a  total  of  38,000  revolutions  in  a  similar  period. 

It  was  also  observed  that  a  number  of  the  animals  compos- 
ing the  voluntary  exercise  group  did  not  register  an  appre- 
ciable number  of  revolutions  during  their  first  week  in  the 
rotating  cages.  But  with  increased  familiarity  with  their 
cage-quarters,  all  animals  of  this  group  showed  greater  in- 
clination to  rotate  the  wheel.  In  the  case  of  those  animals 
receiving  2  U.S.P.  units  of  vitamin  A  daily  (fig.  5),  this  m- 
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crease  in  activity  continued  throughout  the  experimental 
period  but  did  not  equal  the  activity  previously  observed 
among  young  animals  receiving  the  breeding  colony  diet. 
Those  animals  which  received  the  vitamin  A  deficient  diet 
without  supplement  showed  weekly  increases  in  the  number 
of  rotations  until  the  end  of  the  fourth  week  when  slight  evi- 
dences of  vitamin  A  deficiency  were  becoming  apparent.  Dur- 
ing the  following  week,  these  animals  showed  a  marked  de- 
crease in  activity  which  continued  through  the  seventh  week. 
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Fig.  5  The  average  weekly  variation  in  physical  activity  and  also  the  total 
activity  of  two  groups  of  young  rats  maintained  under  comparable  conditions  in 
all  respects  except  as  to  their  vitamin  A  intake. 

although  each  animal  of  this  group  received  2  U.S.P.  units 
of  vitamin  A  daily  beginning  with  the  sixth  week  of  the  ex- 
periment. During  the  eighth,  ninth  and  tenth  week,  all  ani- 
mals of  this  group  showed  a  definite  return  to  activity.  In 
spite  of  this  rapid  return  to  activity  the  average  number  of 
rotations  made  by  this  group  of  animals  was  always  con- 
siderably less  than  the  number  of  rotations  made  during  cor- 
responding weeks  of  the  experiment  by  the  animals  in  a  com- 
parable group  which  had  received  the  vitamin  supplement 
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from  the  beginning  of  the  experiment.  These  findings  further 
emphasize  the  importance  of  an  adequate  vitamm  A  mtake 
in  the  promotion  of  vigorous  physical  activity. 

SUMMARY 

Experiments  carried  out  with  carefully  selected  groups  of 
rats  as  experimental  subjects  yielded  data  to  show  that  under 
comparable  conditions  of  experimentation  less  food  was  con- 
sumed, smaller  increases  in  body  weight  were  made  and  less 
severe  symptoms  of  vitamin  A  deficiency  developed  when  the 
animals  were  forced  to  exercise  than  when  allowed  to  exer- 
cise voluntarily  or  when  confined  in  the  usual  type  of  cage. 

Although  animals  maintained  under  the  condition  of  forced 
exercise  exhibited  the  greatest  efficiency  of  food  utilization, 
they  voided  the  greatest  number  of  fecal  pellets,  thus  indi- 
cating the  beneficial  effect  of  exercise  on  intestinal  motility. 

Animals  maintained  under  the  condition  of  voluntary  exer- 
cise and  which  received  daily  allotments  of  vitamin  A  were 
more  active  physically  than  litter  mates  which  did  not  receive 
the  vitamin  A  supplement,  further  indicating  a  relationship 
between  completeness  of  diet  and  physical  activity. 
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Dry  Skimmilk  in  Rations  for  Crowing, 
Laying  and  Breeding  Fowls 

WaLTHER  H.  OtT,  H.  C.  KnANDEL,  and  R.  V.  BOUCHERf 

THE  nutritive  value  of  a  food  is  dependent  upon  its  total  nutri- 
tive energy  and  upon  its  content  of  specific  nutritive  essentials, 
such  as  vitamins,  proteins  and  minerals.  Dry  skimmilk  is  recog- 
nized as  a  valuable  source  of  minerals,  water-soluble  vitamins  and 
proteins  of  high  biological  value.  Dry  skimmilk  is  widely  used  in 
poultry  rations  because  of  its  beneficial  effects  on  growth,  egg  pro- 
duction, hatchability  and  other  biological  processes. 

Although  qualitative  results  have  been  reported  from  time  to 
time,  there  are  few  records  of  attempts  to  determine  the  most  ef- 
ficient quantity  of  dry  skimmilk  to  use  in  the  poultry  ration.  From 
a  practical  standpoint,  it  would  be  desirable  to  have  information 
regarding  the  approximate  amount  of  dry  skimmilk  to  use  with 
meat  and  fish  protein  concentrates  for  best  results  throughout  the 
growing,  laying  and  breeding  periods. 

The  work  herein  reported  is  a  study  of  the  effects  of  dry  skim- 
milk in  combination  with  meat  and  fish  protein  concentrates  in 
the  ration  for  growing  chicks  and  laying  and  breeding  fowls.  The 
investigation  consisted  of  three  experiments,  each  of  72  weeks 
duration,  with  Single  Comb  White  Leghorns  of  The  Pennsylvania 

State  College  strain. 

The  all-mash  basal  ration  was  formulated  with  the  idea  that  it 
should  meet  all  known  nutritive  requirements  and  that  the  con- 
stituents should  conform  to  best  present-day  commercial  practice 
in  this  area,  except  that  it  should  contain  no  milk  products.  Thus, 
the  no-milk  basal  ration  was  designed  to  reveal  whether  or  not  the 
addition  of  dry  skimmilk  would  improve  an  already  high-grade 
ration. 
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EXPERIMENTAL  PROCEDURE   WITH  GROWING  CHICKS 

Eight  all-mash  rations,  varying  primarily  in  content  of  dry 
skimmilk,  meat  scraps  and  fish  meal,  were  prepared  when  needed 
and  fed  as  outlined  in  tables  1  and  2.  The  content  of  yellow  corn, 
limestone  and  steamed  bone  meal  was  adjusted  to  keep  the  pro- 
tein, calcium  and  phosphorus  contents  uniform,  as  indicated  in 
these  tables.  Feed  consumption  was  recorded  in  pounds  at  bi- 
weekly intervals  for  the  first  24  weeks  and  every  4  weeks  there- 
after. 

Chicks  from  The  Pennsylvania  State  College  breeding  flock 
were  used  in  the  first  and  third  years.  Progeny  of  the  pullets  used 
in  the  first  year's  experiment  were  used  for  the  second  year's  ex- 
periment. Hatching  dates  for  the  three  years  were:  May  16,  1935; 
May  27,  1936;  and  May  25,  1937. 

All  chicks  were  weighed  and  wing-banded  at  hatching  time. 
At  bi-weekly  intervals  during  the  first  24  weeks  each  year,  all 

Table  1.— Formulae  of  rations  fed  from  day-old  to  12  weeks. 


Per 

Cent  Dry  Skimmilk 

Ingredient 

None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Standard  wheat  middlings 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Wheat  bran 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Ground  heavy  oats 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Alfalfa  leaf  meal 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

Salt 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

Cod  liver  oil 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

Ground  yellow  corn 

50.00 

49.30 

48.59 

47.90 

47.20 

46.50 

45.80 

45.09 

Meat  scraps 

6.50 

6.13 

5.77 

5.40 

5.03 

4.66 

4.29 

3.93 

Fish  meal 

6.50 

6.13 

5.77 

5.40 

5.03 

4.66 

4.29 

3.93 

Ground  limestone 

1.00 

1.01 

1.02 

1.03 

1.04 

1.05 

1.07 

1.08 

Steamed  bonemeal 

.18 

.35 

.52 

.70 

.88 

1.05 

1.22 

Dry  skimmilk 

1.25 

2.50 

3.75 

5.00 

6.25 

7.50 

8.75 

Total 

100.00 

lOO.OC 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Mean  chemical  analyses: 

protein,  16.9%;  calcium,  1.7%;  phosphorus, 

1%. 

Table  2.    Formulae  of  rations  fed  from  12  to  72  weeks. 

Ingredient 

Per 

Cent  Dry  Skimmilk 

None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs 

Standard  wheat  middlings 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Wheat  bran 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Ground  heavy  oats 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Alfalfa  leaf  meal 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

Salt 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

Cod  liver  oil 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Ground  yellow  corn 

50.50 

49.80 

49.09 

48.40 

47.70 

47.00 

46.30 

45.59 

Meat  scraps 

4.50 

4.13 

3.77 

3.40 

3.03 

2.66 

2.29 

1.93 

Fish  meal 

4.50 

4.13 

3.77 

3.40 

3.03 

2.66 

2.29 

1.93 

Ground  limestone 

4.00 

4.01 

4.02 

4.03 

4.04 

4.05 

4.07 

4.03 

Steamed  bonemeal 

.18 

.35 

.52 

.70 

.88 

1.05 

1.22 

Dry  skimmilk 

1.25 

2.50 

3.75 

5.00 

6.25 

7.50 

8.75 

Grit  and  oyster  shell,  ad  lib 

, 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Mean  chemical  analyses 

:  protein,   14.4%;   calcium,  2.4%;   ph( 

:)sphoru 

s,   1.7% 

• 

chicks  were  individually  weighed  in  grams  and  the  mean  weight 
))er  bird  for  each  group  was  converted  to  pounds. 

Selection,  at  the  time  of  reduction  in  number  of  birds  in  each 
t{roup,  was  based  upon  body  weight  and  physical  development  so 
that  the  mean  body  weight  of  each  group  was  unchanged.  Simi- 
larly constructed  and  equipped  pens  were  used  and  similar  man- 
agement practices  were  followed  with  all  groups. 

In  an  effort  to  reduce  coccidiosis  infestation,  molasses  was 
used  in  the  drinking  water  every  tenth  day  from  the  twelfth  to 
eighteenth  week  at  the  rate  of  1  ounce  per  gallon  during  the  first 
year  and  5  ounces  per  gallon  during  the  second  year.  During  the 
third  year,  equal  amounts  of  a  15  per  cent  beta-lactose  mash  were 
fed  each  group  for  two  days  following  each  bi-weekly  weighing 
from  the  tenth  to  the  twentieth  week. 

In  the  first  year,  1400  day-old  chicks  were  distributed  at  ran- 
dom to  eight  pens  of  a  continuous  type  laying  house  in  which 
they  were  kept  throughout  the  experiment.  Males  were  removed 
at  four  and  six  weeks  of  age  and  placed  in  starting  batteries  for 
the  broiler  production  phase  of  the  work.  At  10  weeks  8  males 
were  selected  from  each  group  in  the  starting  batteries  and  placed 
with  the  same  group  of  females  from  which  they  had  been  re- 
moved. The  number  of  pullets  in  each  group  was  reduced  to  70 
at  10  weeks  of  age,  and  at  20  weeks  the  number  was  further  re- 
duced to  50  females  and  5  males  per  group. 

Chicks  were  obtained  for  the  second  year's  experiment  by  in- 
cubating 300  eggs  from  each  group  of  pullets  in  the  first  year's 
study.  Chicks  were  sexed  at  hatching  time,  and  85  females  from 
each  group  were  placed  in  hot-water  heated  starting  batteries  in 
a  building  constructed  for  battery  brooding.  Each  of  the  eight 
groups  of  chicks  received  the  same  ration  as  their  parents.  At 
eight  weeks  of  age  all  groups  were  transferred  to  pens  in  a  con- 
tinuous type  of  brooding  and  rearing  building.  Each  pen  was 
equipped  with  a  wire-screened  sunporch.  The  number  of  females 
was  reduced  to  55  per  group  at  21  weeks  of  age  and  to  50  per 
group  at  the  end  of  the  twenty-fourth  week.  Five  males  were 
placed  with  each  group. 

For  the  third  year's  experiment,  chicks  obtained  from  The 
Pennsylvania  State  College  breeding  flock  were  distributed  at 
random  in  eight  groups  so  that  each  group  consisted  of  100  te- 
males  and  12  males.  The  chicks  were  brooded  in  the  starting  bat- 
teries and  transferred  at  10  weeks  of  age  to  pens  in  the  contin- 
uous type  of  brooding  and  rearing  building.  The  total  number  of 
chicks  in  each  group  was  reduced  to  100  at  the  end  of  the  second 
week,  and  to  50  females  and  6  males  at  21  weeks  of  age. 
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Fig.  I.— These  are  the  starting  batteries  in  which  chicks  for  the  sec- 
ond and  third  years  were  brooded. 

Two  trials  were  conducted  to  study  the  shrinkage  in  the 
weight  of  broilers  when  shipped  alive  to  market.  At  four  and  six 
weeks  of  age,  males  from  the  first  year's  experiment  were  trans- 
ferred to  starting  batteries,  and  each  group  was  continued  on  the 
same  experimental  ration.  At  10  weeks  of  age,  30  of  the  largest 
males  in  each  group  were  weighed,  shipped  alive  by  railway  ex- 
press under  practical  marketing  conditions  to  Pittsburgh,  Pa.,  a 
distance  of  approximately  150  miles,  and  again  weighed.  This 
work  was  repeated  in  a  trial  involving  432  Barred  Plymouth 
Rock  males,  hatched  Nov.  26,  1935,  and  grown  and  marketed  in 
a  manner  similar  to  that  of  the  first  trial. 

All  data  were  analyzed  statistically  in  order  to  evaluate  the 
results  satisfactorily.  Minimum  significant  differences  between 
means  were  calculated  from  the  analysis  of  variance  as  outlined 
by  Snedecor  (6)  and  are  included  with  the  tabulated  data.  These 
values  are  calculated  so  that  there  is  only  1  chance  in  20  of  a 
difference  as  great  or  greater  than  the  5  per  cent  value  occurring 
due  to  chance  alone.  The  application  of  these  values  to  the  ex- 
perimental results  is  illustrated  by  the  examples  in  table  5.  All 
tabulated  data  are  expressed  as  mean  values  per  bird.  These 
means  are  the  arithmetic  averages  for  the  data  involved. 


Fio  2  —This  is  one  of  the  pens  in  the  continuous  type  of  brooding 
and  rearing  building  which  was  used  during  the  latter  part  of  the  grow- 
ing period  in  the  second  and  third  years. 

RESULTS  WITH  GROWING  CHICKS 

Body  weight.— Mean  body  weight  at  two  weeks  of  age  in- 
creased with  increasing  amounts  of  dry  skimmilk  m  the  ration.  At 
this  age  the  mean  weight  of  each  of  the  eight  groups  was  nearly 
the  same  in  the  first  as  in  the  third  year.  In  the  second  year  all 
groups,  especially  the  groups  fed  1.25  and  7.5  per  cent  dry  skim- 
milk weighed  less  than  in  the  first  and  third  years. 

At  24  weeks  of  age,  mean  body  weight  definitely  increased  in 
all  groups  from  the  no-milk  group  to  the  6.25  per  cent  milk  group 
in  the  second  and  third  years.  In  the  first  year  an  increa^^^^^ 
weight  was  evident  in  all  groups  from  the  1.25  to  the  8^75  per  cent 
milk  group  at  12  weeks  of  age,  but  such  trends  were  not  marked 

''  Up""t4  weeks  in  the  second  year,  total  gains  in  weight  of 

groups  fed  2.5,  3.75,  5  and  7.5  per  cent  ^'^K^^^'^'^^^^^ 
spective  gains  in  the  first  year.  The  gains  of  the  no-milk  and  1.25 
per  cent  milk  groups  were  considerably  lower,  and  the  gams  of 
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the  6.25  and  8.75  per  cent  milk  groups  were  considerably  higher, 
in  the  second  than  in  the  first  year.  The  no-milk  group  rather 
consistently  made  smaller  gains  up  to  the  twelfth  week  than  did 
the  other  groups.  During  the  latter  part  of  the  growing  period, 
especially  in  the  first  year,  the  no-milk  group  on  many  occasions 
made  greater  gains  than  several  of  the  milk-fed  groups. 

In  order  to  evaluate  more  critically  the  trends  in  body  weight 
during  the  growing  period,  growth  constants  were  calculated  for 
each  2-week  interval.  The  Schmalhausen  growth  constant,  dis- 
cussed in  detail  by  Lerner  and  Asmundson  (2),  was  used  as  a 
measure  of  the  growth  rate.  The  growth  constants  in  tables  28, 
29  and  30  indicate  that  the  rate  of  growth  increased  with  the 
amount  of  dry  skimmilk  in  the  ration  during  the  first  two  weeks 
in  the  first  and  third  years  and  during  the  first  four  weeks  in  the 
second  year.  With  few  exceptions  the  range  in  growth  rates  dur- 
ing each  2-week  interval  throughout  the  remainder  of  the  grow- 
ing period  was  relatively  small. 

Feed  consumption. — Total  feed  consumption  to  24  weeks  of 
age  was  closely  associated  with  mean  gains  in  body  weight  dur- 
ing the  same  period.  Mean  feed  consumption  to  24  weeks  in  the 
first  and  third  years  increased  .028  pounds  per  bird  for  each  1.25 
per  cent  milk  included  in  the  ration.  Group  differences  in  feed 
consumption  were  not  significant  in  the  first  year.  Aside  from 
the  relatively  high  values  for  the  2.5  per  cent  milk  group  and 
the  low  value  for  the  5  per  cent  milk  group,  feed  consumption  in 
the  second  year  increased  with  the  amount  of  dry  skimmilk  in 
the  ration.  This  trend  was  evident  in  the  third  year  with  the 
groups  fed  none  to  6.25  per  cent  milk. 

Feed  efficiency. — Efficiency  of  feed  utilization  increased  with 
the  amount  of  dry  skimmilk  in  the  ration  during  the  first  six 
weeks  of  age  in  the  first  and  third  years,  and  during  the  first  two 
weeks  of  the  growing  period  in  the  second  year,  tables  31,  32  and 
33.  Feed  efficiency  values  of  the  eight  groups  were  close  together 
throughout  the  remainder  of  the  growing  period. 

Another  measure  of  efficiency  is  the  number  of  pounds  of 
gain  in  excess  of  the  gain  of  the  no-milk  group  per  pound  of  dry 
skimmilk  consumed.  With  the  gain  of  the  no-milk  group  as  the 
basis  for  calculating  excess  gains,  dry  skimmilk  efficiency  would 
be  constant  for  the  seven  milk  groups  if  their  excess  gains  were 
directly  proportional  to  the  respective  amounts  of  dry  skimmilk 
consumed. 

According  to  this  measure  of  dry  skimmilk  efficiency  for  extra 
gains  in  weight,  maximum  efficiency  occurred  in  the  groups  fed 
1.25  and  2.5  per  cent  milk  within  the  first  6,  first  8  and  first  12 


^veeks  of  age  in  the  first,  second  and  third  years,  respectively.  Ef- 
ficiency in  the  remaining  groups  was  maximum  within  the  first 
six,  first  four  and  first  eight  weeks  of  age  in  the  first,  second  and 
third  years,  respectively.  During  each  of  the  various  phases  of 
the  growing  period  listed  in  tables  34,  35  and  36,  efficiency  tended 
to  decrease  as  the  amount  of  dry  skimmilk  increased. 

It  is  evident  that  response  to  dry  skimmilk  was  greatest  dur- 
ing the  early  part  of  the  growing  period.  Table  3  was  compiled 
from  data  of  the  first  and  third  years  to  estimate  at  what  time 
during  the  growing  period  the  use  of  milk  apparently  ceased  to 
be  beneficial  in  this  investigation. 

Mean  gain  in  body  weight  per  pullet  from  day-old  to  24  weeks 
increased  at  the  rate  of  .016  pounds  for  each  1.25  per  cent  milk 
included  in  the  ration.  The  fact  that  the  mean  gain  from  day-old 
to  10  weeks  of  age  also  increased  at  the  rate  of  .016  pounds  per 
1.25  per  cent  milk  indicates  that  the  differences  in  body  weight 
between  groups  were  already  attained  at  approximately  10  weeks 
of  age.  Differences  in  feed  consumption  to  10  weeks,  however, 
were  about  one-third  as  great  as  the  differences  at  24  weeks.  Thus, 
for  the  period  from  10  to  24  weeks  feed  consumption  per  bird  in- 
Table  3. — Regression  coefficients  of  gain  in  body  weight,  feed  consump- 
tion and  feed  efficiency  on  per  cent  dry  skimmilk  in  the  first  and  third 
years.* 


Age 


Gain  in  Total  Feed         Pounds  of  Gain 

Body  Weight    Consumption   Per  Pound  of  Feed 


lbs. 

Ihs. 

.004 

.005 

.010 

.019 

.005 

.014 

.004 

.014 

.005 

.004 

-.001 

.052 

.010 

.007 

.014 

.024 

.016 

.035 

.019 

.038 

.016 

.108 

.002 

.084 

0 

.073 

lbs. 
.0019 
.0020 
.0005 
.0003 
-.0009 
-.0010 

.0032 
.0018 
.0013 
.0012 


Day-old  to     4  weeks 

4  to     8  weeks 

8  to  12  weeks 
12  to  16  weeks 
16  to  20  weeks 
20  to  24  weeks 

Day-old  to  6  weeks 
Day-old  to  8  weeks 
Day-old  to  10  weeks 
Day-old  to  12  weeks 

Day-old  to  24  weeks 

8  to  24  weeks 
10  to  24  weeks  

♦The  values  in  this  table  represent  the  average  change  in  gain*  feed  intake  and 
feed  efficiency  for   each  change  of  1.25   per  cent  dry   s^^'^.'^^^^J"  ^^^.^'c/^^^^^^ 
example,  the  gain  in  body  weight  per  pullet  from  day-old  to  6  weeks  incre^^^^^^^ 
pounds  per  1.25  per  cent  increase  in  dry  skimmilk.  On  this  ^^sis  the  expected  gain 

of  the  group  fed  8  75  per  cent  milk   (seven  times  1.25)  is  '^]/^'''l^lltL^''^lie^^^^ 
than  the  expected  gain  of  the  no-milk  group  from  day-old  to  6  weeks^  A  negative 
value  indicates  that   the   particular   variable  decreased   that  amount  for    each  1-40 
per  cent  increase  in  dry  skimmilk  in  the  ration. 


-.0004 
-.0006 
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1.48 
<    1.46 

- 

^    1.44 

- 

O   1.42 

- 

(0    1.40 

- 

g    1.38 

- 

O    136 

Q-      .   -.A 

1 

0 


1.25        2.5        3-75        5.0        6.25 
PER     CENT     DRY     SKIMMILK 


8.75 


1.25        2.5        3.75        5.0        6.25        7.5 
PER     CENT     DRY      SKIMMILK 


8.7  5 


?  tJ  .270 

O        .265 
u. 

L.  O  .260 

O  o 

Z   .255 

O  O  .250 
Z  ^ 

D  a:  .245  ^ 
O  u  0 

Q.  a. 


•1.25        2.5        3.75        5.0        6.25 
PER     CENT     DRY     SKIMMILK 


8.75 


Fig.  3.— During  the  first  10  weeks  of  age  in  the  first  and  third  years, 
gain  in  weight,  feed  consumption  and  feed  efficiency  increased  with  in- 
creasing amounts  of  dry  skimmilk  in  all-mash  rations. 

creased  .073  pounds  per  1.25  per  cent  milk  in  the  ration,  while 
gains  in  weight  in  the  eight  groups  were  of  the  same  magnitude. 
Feed  efficiency  increased  with  the  increase  in  amount  of  milk 
in  the  ration  in  the  early  part  of  the  growing  period,  but  de- 
creased in  the  later  part.  The  tendency  of  weight  gain,  feed  m- 


2   2.02 

Q. 


1.25        2.5        3.75        5.0        6.25        7.5 
PER     CENT     DRY      SKIMMILK 


8.75 


1.25  2.5        3.75         5.0         6.25 

PER     CENT     DRY      SKIMMILK 


7.5        8.75 


1.25        2.5        3.75        5.0        6.25 
PER     CENT     DRY      SKIMMILK 


8.75 


Fia  4  —From  10  to  24  weeks  of  age  in  the  first  and  third  years  all 
grouS^eAded  rmake  equal  gains  in  weight,  while  feed  consum^^^^^^^ 
increased  and  feed  efficiency  decreased  with  increasing  amounts  of  dry 
skimmilk  in  all-mash  rations. 

take  and  feed  efficiency  to  increase  with  increasing  milk  levels 
during  the  first  10  weeks  of  growth  is  illustrated  graphically  m 
figure  3.  Trends  of  these  three  variables  from  10  to  24  weeks  are 
shown  in  figure  4. 
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Mortality.— Differences  in  total  mortality  in  the  growing  pe- 
riod were  not  significant  in  any  of  the  three  years.  Although  an 
outbreak  of  coccidiosis  at  about  the  fourteenth  week  in  the  sec- 
ond year  affected  all  eight  groups,  losses  from  the  attack  were 
least  in  the  groups  fed  5  to  8.75  per  cent  milk.  The  deleterious  ef- 
fects of  the  infestation  were  apparent  for  several  weeks  m  groups 
fed  no  milk  to  3.75  per  cent  milk.  Losses  from  any  other  causative 
agent  were  so  few  in  number  that  no  significant  trends  were  evi- 
dent. . 

Mortality  was  considerably  lower  in  the  first  year  than  m  the 
second  or  third.  Mortality  was  higher  in  the  early  part  of  the 
growing  period  than  in  the  latter  part.  Although  some  birds  were 
removed  because  of  poor  health,  this  procedure  appeared  to  have 
little  bearing  on  the  general  results. 

Broiler  production.— Greatest  shrinkage  of  live  weight  m 
transit  was  in  the  no-milk  group  in  each  of  the  two  experiments 
on  shipping  broilers  to  market.  The  7.5  per  cent  milk  group  in 
the  first  trial  and  the  8.75  per  cent  milk  group  in  the  second  trial 
also  were  high  in  shrinkage.  In  the  first  trial,  the  8.75  per  cent 
milk  group  tied  with  the  2.5  per  cent  milk  group  for  lowest 
shrinkage. 

SUMMARY  OF  RESULTS  WITH  GROWING  CHICKS 

In  view  of  the  uniform  increase  in  dry  skimmilk  content  of 
the  eight  rations,  the  only  significant  growth  responses  to  be  as- 
sociated with  this  variable  occurred  in  the  early  period  of  growth. 
Rate  of  growth  was  directly  related  to  milk  level  during  the  first 
two  weeks.  Those  groups  which  grew  slowly  at  first  tended  to 
grow  relatively  more  rapidly  later  in  the  growing  season,  in- 
dicating the  tendency  of  all  groups  to  reach  approximately  equal 
mature  body  weights. 

Total  gain  in  body  weight  from  day-old  to  24  weeks  increased 
with  increasing  amounts  of  milk  in  the  ration.  The  magnitude  of 
the  increase  was  accounted  for  by  the  tenth  week,  all  eight  groups 
gaining  nearly  equal  amounts  in  the  period  from  10  to  24  weeks 
of  age.  Feed  consumption  also  increased  with  increasing  amounts 
of  milk,  but  at  10  weeks  the  differences  were  only  one-third  as 
great  as  the  differences  at  24  weeks.  Feed  efficiency  increased 
with  the  increasing  per  cent  of  milk  during  the  early  part  of  the 
growing  period,  but  decreased  during  the  last  part  of  the  grow- 
ing period. 

Most  efficient  extra  gains  in  weight  in  each  group  were  made 
prior  to  the  twelfth  week  of  age.  The  groups  fed  1.25  and  2.5  per 
cent  milk  were  highest  in  dry  skimmilk  efficiency,  maximum  val- 
ues in  these  groups  occurring  from  the  sixth  to  twelfth  weeks. 


Che  higher-milk  groups  were  considerably  less  efficient  for  ex- 
ira  gains  in  weight. 

It  appears  that  the  maximum  beneficial  effects  of  dry  skim- 
.nilk  in  the  ration  occurred  prior  to  the  tenth  week  of  age.  From 
t  he  standpoint  of  rapid  early  growth  and  efficient  feed  utilization, 
best  results  were  obtained  with  rations  containing  1.25  and  2.5 
per  cent  dry  skimmilk.  This  investigation  showed  no  value  for 
the  continued  use  of  dry  skimmilk  between  the  tenth  and  twenty- 
fourth  weeks.  However,  this  does  not  prove  that  satisfactory  re- 
sults in  the  subsequent  laying  year  would  be  obtained  by  feeding 
dry  skimmilk  only  during  the  early  part  of  the  growing  period. 

Two  factors  besides  per  cent  of  dry  skimmilk  in  the  ration 
apparently  had  significant  effects  on  various  results  in  this  in- 
vestigation: First,  each  group  in  the  first  and  second  years  repre- 
sents first  and  second  generations  respectively  on  each  of  the 
eight  rations.  Second,  the  breeding  fiock  from  which  the  first 
year's  chicks  were  obtained  had  been  fed  a  grain  and  mash  ra- 
tion with  7.25  per  cent  dry  skimmilk  in  the  mash.  This  ration  was 
thus  equivalent  in  dry  skimmilk  content  to  the  ration  of  the 
group  fed  3.75  per  cent  milk.  Gains  up  to  the  twenty-fourth  week 
of  age  were  below  average  in  the  second  generation  of  birds  fed 
rations  containing  none  and  1.25  per  cent  dry  skimmilk.  Gains 
were  above  average  in  the  second  generation  of  birds  fed  rations 
containing  6.25  and  8.75  per  cent  dry  skimmilk. 

Highest  shrinkage  in  weight  of  broilers  shipped  alive  to  mar- 
ket occurred  with  birds  fed  no  dry  skimmilk.  Evidently  the  use 
of  milk  in  the  ration  did  not  increase  the  per  cent  of  shrinkage. 
EXPERIMENTAL  PROCEDURE  WITH  LAYING  HENS 

All  females  each  year  were  leg-banded  at  21  weeks  of  age 
and  individually  weighed  at  4-week  intervals  from  24  to  72  weeks, 
inclusive.  They  were  trapped  for  date  of  first  egg  and  individual 
egg  production  in  the  first  two  years,  and  only  for  date  of  first 
egg  in  the  third  year.  Eggs  produced  daily  by  each  group  were 

weighed  as  a  unit. 

The  individual  body  weights  at  sexual  maturity  given  m  table 
17  were  calculated  by  linear  interpolation  from  the  regularly- 
obtained  weights  immediately  preceding  and  following  the  date 
of  first  egg.  This  procedure  was  first  justified  by  comparison  of 
the  calculated  values  with  the  actual  weights  obtained  in  the  first 
and  second  years.  The  mean  interpolated  weights  for  the  several 
groups  ranged  from  .2  to  2.5  per  cent  higher  than  the  observed 
weights,  the  average  deviation  being  only  1  per  cent.  In  view  ot 
this  relatively  close  agreement,  the  actual  weights  at  date  of  tirst 
egg  were  not  obtained  in  the  third  year. 


I  ♦ 
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For  the  hatchability  studies  each  year,  all  eggs  were  collected 
from  each  group  on  successive  days  until  the  desired  number  of 
eggs  was  obtained  for  incubation.  Because  of  low  egg  production 
during  April  of  the  second  year,  fewer  eggs  than  the  desired 
number  were  set  in  several  of  the  groups.  Males  were  rotated 
from  pen  to  pen  once  weekly  the  first  year,  and  not  rotated  m  the 
second  and  third  years.  Five  males  in  the  first  and  second  years 
and  six  males  in  the  third  year  were  placed  with  each  group  The 
males  were  removed  when  the  hatchability  tests  were  completed 

During  the  laying  period  in  the  first  year,  the  birds  remained 
in  the  same  pens  in  the  laying  house  in  which  they  had  been 
reared.  In  the  second  and  third  years,  the  birds  were  transferred 
at  21  weeks  of  age  from  the  brooding  and  rearing  building  to  the 

laying  house.  .  . .  ., 

In  the  first  year,  outdoor  runs  free  of  vegetation  were  avail- 
able to  the  birds,  except  during  the  period  from  34  to  44  weeks  of 
age  A  wet  mash  made  by  moistening  a  small  amount  of  each  ra- 
tion with  water  was  fed  respectively  to  each  group  from  the  sixty- 
fourth  to  the  seventy-second  week,  inclusive.  In  the  second  year 
the  same  type  of  wet  mash  was  fed  from  time  to  time  during  the 
laving  period.  Wet  mash  was  not  fed  in  the  third  year.  Artificial 
morning  light  was  supplied  each  year  during  the  winter  months 
and  near  the  end  of  the  laying  period  to  provide  a  14-hour  day. 


Fin  5  —This  is  one  of  the  pens  in  the  continuous  type  laying  house 
which  was  used  during  the  enti?e  first  year  and  during  the  laying  peno<l 
in  the  second  and  third  years. 


Ten  eggs  selected  at  random  from  one  day's  egg  production 
by  each  group  were  used  in  egg  quality  studies  conducted  at  va- 
rious times  during  the  first  year.  The  albumen  was  scored  ac- 
cording to  the  standards  of  Van  Wagenen  and  Wilgus  (7),  and  the 
amount  of  firm  albumen  was  measured  volumetrically  as  out- 
lined by  Lorenz  and  Almquist  (3).  Yolk  index  was  determined  by 
the  method  of  Sharp  and  Powell  (5),  and  yolk  color  with  the 
color  rotor  of  Heiman  and  Carver  (1), 

RESULTS  WITH  LAYING  HENS 

Body  weight. — Maximum  body  weight  was  reached  at  about 
32  weeks  of  age  in  the  first  year,  at  about  28  weeks  of  age  in  the 
second  year,  and  at  about  48  weeks  of  age  in  the  third  year.  Mean 
body  weights  of  the  eight  groups  did  not  differ  greatly  through- 
out the  first  and  third  years  and  in  the  latter  part  of  the  second 
year.  In  the  early  part  of  the  second  year,  groups  fed  3.75,  5,  6.25 
and  8.75  per  cent  dry  skimmilk  were  highest,  groups  fed  none,  1.25 
and  2.5  per  cent  milk  were  intermediate,  and  the  7.5  per  cent 
milk  group  was  lowest  in  body  weight. 

Mean  body  weight  for  the  laying  period  increased  fairly  uni- 
formly from  the  1.25  per  cent  milk  group  to  the  6.25  per  cent  milk 
group  in  all  3  years.  The  no-milk  group  was  high  the  first  year, 
and  the  7.5  per  cent  milk  group  was  low  in  the  first  and  second 
years.  Groups  fed  6.25  and  8.75  per  cent  milk  were  consistently 
high,  while  groups  fed  1.25  and  2.5  per  cent  milk  were  consistently 
low  in  body  weight  throughout  the  laying  period  each  year.  Mean 
body  weight  during  the  laying  period  was  closely  correlated  with 
mean  body  weight  at  24  weeks  of  age. 

Feed  consumption.— Differences  were  not  significant  between 
the  total  feed  consumption  of  groups  fed  3.75  to  7.5  per  cent  milk 
in  the  first  year  and  of  groups  fed  3.75  to  8.75  per  cent  milk  m  the 
second  and  third  years.  In  the  first  year,  the  2.5  and  8.75  per  cent 
milk  groups  were  high;  in  the  second  year,  the  none,  1.25  and  2.J) 
per  cent  milk  groups  were  low;  and  in  the  third  year,  the  no-milk 
group  was  high  and  the  1.25  and  2.5  per  cent  milk  groups  were 
low  in  total  feed  consumption. 

Egg  production.-Age  at  first  egg  decreased  slightly  with  in- 
creasing levels  of  dry  skimmilk  in  the  ration,  while  weight  at 
first  egg  decreased  negligibly  in  the  first  year  and  increased 
slightly  in  the  second  and  third  years.  Group  differences  m  age 
and  weight  at  first  egg  were  statistically  significant  in  the  second 
year  only.  The  hens  fed  6.25  per  cent  milk  averaged  13  days  less 
for  age  and  .25  pounds  more  for  weight  at  first  egg  than  did  the 
hens  receiving  no  milk  in  the  ration. 


.^ 
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Highest  mean  egg  production  in  the  3  years  was  186  eggs  per 
pullet  for  the  5  per  cent  milk  group  in  the  third  year.  The  no- 
milk  and  8.75  per  cent  milk  groups  were  also  high  in  the  third 
year.  Lowest  mean  egg  production  was  126  eggs  per  pullet  for 
the  no-milk  group  in  the  second  year.  Group  differences  in  mean 
per  cent  egg  production  were  highly  significant  in  each  year. 
Mean  egg  production  of  the  1.25  and  7.5  per  cent  milk  groups  was 
consistently  low  in  the  first  and  third  years.  Highest  production 
was  in  the  2.5  per  cent  milk  group  in  the  first  year  and  in  the  5 
per  cent  milk  group  in  the  third  year.  Egg  production  in  the  sec- 
ond year  increased  from  the  no-milk  group  to  the  7.5  per  cent 
milk  group. 

Egg  weight. — Waters  (8)  has  suggested  that  measurements 
made  from  44  to  64  weeks  of  age  are  a  good  indication  of  an- 
nual egg  weight.  In  the  present  investigation,  egg  weight  was 
no  longer  increasing  rapidly  and  maximum  body  weight  was 
reached  by  44  weeks  of  age.  Egg  production  was  maximum  from 
the  forty-fourth  to  the  sixty-fourth  week.  Mean  egg  weights  for 
the  44  to  64  week  interval  were  higher  than,  but  closely  followed 
the  trends  of,  the  corresponding  mean  values  for  the  entire  lay- 
ing year. 

Mean  egg  weight  of  all  groups  was  highest  in  the  first  year 
and  lowest  in  the  third  year.  Egg  weight  was  highest  in  groups 
fed  3.75  and  5  per  cent  milk.  Except  for  the  high  egg  weights  in 
the  6.25  and  8.75  per  cent  milk  groups,  the  trend  in  the  second 
year  was  similar  to  that  in  the  first.  In  the  third  year,  egg  weight 
increased  with  increasing  milk  levels  except  for  the  very  low 
value  for  the  5  per  cent  milk  group. 

Hatchability. — Per  cent  hatch  of  fertile  eggs  increased  with 
increasing  amounts  of  dry  skimmilk  in  the  ration  in  the  first  and 
third  years.  Hatchability  in  the  second  year  was  very  similar  to 
that  in  the  first  year  aside  from  the  wide  deviations  of  the  no- 
milk  and  1.25  per  cent  milk  groups.  Differences  between  group 
means  were  highly  significant  in  each  year. 

Egg  quality. — None  of  the  factors  of  egg  quality  studied 
showed  significant  differences  between  group  means  or  other- 
wise indicated  any  influence  of  the  variables  in  the  ration. 

Mortality. — Differences  in  mortality  were  not  significant  in  the 
first  or  third  years  but  were  highly  significant  in  the  second  year. 
Total  mortality  in  groups  fed  6.25  to  8.75  per  cent  milk  was  uni- 
form throughout  the  3  years,  while  mortality  was  quite  variable 
in  the  lower  milk  groups.  Leukosis  and  neurolymphomatosis  were 
the  major  causes  of  mortality. 


It  is  apparent  from  table  37  that  the  mortality  in  the  second 
year  was  considerably  lower  in  the  groups  fed  6.25  to  8.75  per 
.:ent  milk  than  in  the  lower  milk  groups.  Mortality  is  summar- 
ized in  table  4  according  to  this  classification. 

Table  4. — Mortality  during  laying  period,  24  to  72  weeks. 


Amounts  of  Milk  in  Rations 
OF  Groups  Classed  Together 


Year 


First 


Second 


Third 


Total  mortality 

per  cent  per  cent  per  cent 

None  to  5  per  cent                                   29.2  52.4  36.4 

6.25  to  8.75  per  cent                                 31.3  28.0  28.0 

Mortality  from  leukosis  and  neurolymphomatosis 

None  to  5  per  cent                                   12.0  23.6  26.8 

6.25  to  8.75  per  cent                                 10.7  7.3  18.7 


Mortality  was  nearly  the  same  in  the  high-milk  and  low-milk 
classes  in  the  first  year,  but  higher  in  the  low-milk  class  in  the 
third  year.  Mortality  of  the  progeny  (hens  in  the  second  year) 
of  hens  in  the  high-milk  class  was  slightly  lower  than  that  of 
their  dams  (hens  in  the  first  year) .  Mortality  of  the  progeny  of 
hens  in  the  low-milk  class  was  almost  two  times  that  of  their 
dams.  These  same  trends  are  even  more  evident  in  the  mortality 
from  leukosis  and  neurolymphomatosis.  Although  coccidiosis  was 
an  important  factor  in  the  losses  during  the  growing  period  of  the 
second  year,  mortality  directly  from  coccidiosis  was  negligible 
in  the  laying  period. 

SUMMARY  OF  RESULTS  WITH  LAYING  HENS 

Age  at  first  egg  decreased  and  weight  at  first  egg  increased 
significantly  with  increasing  amounts  of  dry  skimmilk  in  the  ra- 
tion in  the  second  generation.  Egg  production  of  the  first  genera- 
tion of  pullets  on  the  eight  rations  was  highest  on  the  average  in 
groups  fed  2.5  to  5  per  cent  dry  skimmilk.  Since  egg  production 
of  the  no-milk  and  1.25  per  cent  milk  groups  was  very  low  in 
the  second  generation,  and  since  egg  production  of  groups  fed  5 
to  8.75  per  cent  milk  in  the  first  generation  did  not  increase  m 
proportion  to  the  milk  level,  the  most  efficient  amount  of  dry 
skimmilk  fed  to  laying  pullets  seemed  to  be  from  2.5  to  5  per 
cent  of  the  all-mash  ration. 

Rations  containing  3.75  per  cent  milk  were  most  consistent  in 
promoting  high  egg  weight.  Hatchability  was  essentially  as  sat- 
isfactory with  2.5  to  3.75  per  cent  dry  skimmilk  as  with  greater 
amounts  in  the  ration. 
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Mortality  of  first  generations  on  the  several  rations  was  prac- 
tically equal.  However,  mortality  of  the  second  generation  was 
significantly  higher  on  rations  containing  none  to  5  per  cent  dry 
skimmilk  than  on  rations  with  6.25  to  8.75  per  cent  milk  This 
situation  was  even  more  pronounced  in  the  mortality  from  leuko- 
sis and  neurolymphomatosis.  .     ,      .         -, 

These  observations  and  the  fact  that  losses  from  leukosis  and 
neurolymphomatosis  were  consistently  lower  in  the  three  high- 
milk  groups  suggest  a  relation  between  dry  skimmilk  and  the 
incidence  of  these  particular  diseases.  In  fact,  the  difference  in 
total  mortality  between  the  two  classes  in  the  third  year  is  al- 
most entirely  due  to  the  difference  in  losses  from  the  afore- 
named diseases.  Since  the  high-milk  groups  in  the  second  year 
were  not  as  severely  affected  with  coccidiosis  as  the  low-milk 
groups,  the  birds  in  the  low-milk  groups  may  have  thus  been 
more  susceptible  to  diseases  such  as  leukosis. 

BIOLOGICAL  VALUE  OF  THE  RATIONS 

The  biological  value  of  the  proteins  in  the  eight  rations  was 
determined  by  means  of  a  series  of  tests  using  4  rats  on  each  diet, 
a  total  of  36  animals  being  involved.  The  technique  followed  was 
essentially  that  outlined  by  Mitchell  (4).  Whole  egg  protein  was 
used  as  the  reference  standard.  Each  experimental  period  was 


Fig.  6.— This  set-up  was  used  in  determining  biological  values. 


preceded  by  a  3-day  adaptation  period  during  which  the  test  ani- 
mals received  the  respective  diets  under  consideration. 

The  mean  biological  values  in  table  39  indicate  that  the  eight 
rations  did  not  differ  greatly  as  sources  of  protein  in  the  test  of 
biological  values  with  rats.  At  the  9  per  cent  level,  a  sUght  in- 
crease in  biological  values  occurred  from  the  2.5  per  cent  milk 
ration  to  the  highest-milk  ration.  At  the  14.5  per  cent  level,  the 
trend  in  values  from  the  2.5  per  cent  milk  ration  to  the  8.75  per 
cent  milk  ration  appeared  to  be  curvilinear,  the  6.25  per  cent  milk 
ration  having  the  highest  biological  value.  In  all  instances  the 
values  for  the  no-milk  and  1.25  per  cent  milk  rations  were  higher 
than  those  for  the  2.5  per  cent  milk  ration. 

SUMMARY  AND  CONCLUSIONS 

1.  Maximum  benefits  from  the  use  of  dry  skimmilk  in  all- 
mash  rations  during  the  growing  period  were  attained  during  the 
first  10  weeks  of  growth. 

2.  Most  efficient  gains  in  body  weight  on  the  basis  of  dry 
skimmilk  intake  were  made  by  chicks  fed  1.25  and  2.5  per  cent 
dry  skimmilk  in  all-mash  rations. 

3.  From  the  standpoint  of  egg  production,  egg  weight,  hatch- 
ability  and  dry  skimmilk  intake,  most  efficient  performance  by 
laying  pullets  occurred  with  all-mash  rations  containing  2.5  to  5 
per  cent  milk.  Results  were  essentially  as  satisfactory  with  2.5 
and  3.75  per  cent  milk  as  with  higher  levels. 

4  Mortality  of  the  second  generation  on  all-mash  rations  con- 
taining none  to  5  per  cent  dry  skimmilk  was  considerably  higher 
during  the  laying  period  than  on  rations  with  6.25  to  8.75  per 

cent  milk.  j.  j,  i  r    ^ 

5.  Rate  of  growth  during  the  first  two  weeks  of  age,  total  feed 
consumption  and  gain  in  weight  during  the  growing  period,  feed 
efficiency  during  the  early  part  of  the  growing  period,  body 
weight  at  sexual  maturity  and  per  cent  hatch  of  fertile  eggs  in- 
creased with  increasing  percentages  of  dry  skimmi  k  m  the  all- 
mash  rations.  Age  at  sexual  maturity  decreased  with  mcreasmg 
amounts  of  milk  in  the  ration. 
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APPENDIX 

Table  5.— Mean  body  weight  per  pullet,  first  year. 


Table  6. — ^Mean  body  weight  per  pullet,  second  year. 


Age  in 

None 

1.25 

Per  Cent  Dry 

Skimiviilk 

7.5 

8.75 

Significant 

Weeks 

2.5 

3.75 

5.0 

6.25 

Differences' 

Growing  period 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Day-old 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

2 

.22 

.22 

.23 

.23 

.23 

.24 

.25 

.24 

.01 

4 

.48 

.49 

.50 

.52 

.52 

.53 

.53 

'    .53 

.03 

6 

.72 

.79 

.81 

.82 

.81 

.82 

.83 

.84 

.04 

8 

1.12 

1.12 

1.14 

1.18 

1.13 

1.20 

1.21 

1.23 

.06 

10 

1.49 

1.44 

1.49 

1.53 

1.47 

1.53 

1.55 

1.58 

.07 

12 

1.83 

1.77 

1.83 

1.89 

1.89 

1.91 

1.90 

1.96 

.09 

14 

2.08 

2.03 

2.05 

2.14 

2.11 

2.13 

2.13 

2.22 

.09 

16 

2.45 

2.40 

2.38 

2.50 

2.47 

2.48 

2.48 

2.59 

.09 

It 

2.70 

2.64 

2.61 

2.72 

2.71 

2.71 

2.68 

2.82 

.10 

20 

2.96 

2.85 

2.88 

2.98 

2.93 

2.93 

2.92 

3.06 

.11 

22 

3.36 

3.20 

3.17 

3.34 

3.19 

3.28 

3.22 

3.38 

.14 

24 

3.68 

3.45 

3.49 

3.60 

3.43 

3.57 

^3.51 

3.66 

.15 

•  Laying  period 

21 

3.93 

3.77 

3.86 

3.94 

3.89 

3.96 

3.86 

4.04 

s 

4.13 

4.02 

4.10 

4.08 

4.16 

4.25 

4.06 

4.21 

4.00 

3.85 

3.87 

3.91 

3.99 

4.07 

3.90 

4.10 

.18 

40 

4.15 

3.91 

4.02 

4.15 

4.09 

4.15 

3.99 

4.23 

.19 

44 

4.18 

3.91 

4.04 

4.17 

4.00 

4.16 

3.98 

4.17 

.20 

48 

4.26 

3.97 

3.90 

4.21 

4.06 

4.23 

4.09 

4.25 

.22 

n 

4.20 

3.89 

3.89 

4.12 

4.10 

4.19 

4.04 

4.23 

.21 

86 

4.19 

3.96 

3.93 

4.22 

4.05 

4.18 

3.89 

4.19 

.23 

60 

4.16 

3.91 

3.91 

4.15 

3.97 

4.14 

3.95 

4.14 

.23 

84 

4.01 

3.82 

3.78 

4.01 

3.90 

3.98 

3.70 

4.11 

88 

3.96 

3.68 

3.85 

3.87 

3.94 

3.84 

3.74 

4.03 

72 

4.07 

3.67 

3.85 

3.87 

3.82 

3.94 

3.65 

4.01 

.27 

Mean 
28  to  72 

4.10 

3.86 

3.92 

4.06 

4.00 

4.09 

3.90 

4.14 

♦  Minimum  differences  between  means  of  groups  to  be  significant  at  a  probability 
of  5  per  cent.  These  values  in  this  and  subsequent  tables  are  interpreted  according 
to  the  following  examples:  At  24  weeks  of  age  the  mean  body  weight  of  the  8.75 
oer  cent  milk  group  was  3.66  pounds  and  of  the  5  per  cent  milk  group  was  3.43 
Sounds  The  difference  of  .23  pounds  between  the  two  means  is  significant  since 
it  exceeds  the  .15  pounds  required  for  significance.  However,  mean  body  weights  of 
the  8  75  and  6  25  per  cent  milk  groups  are  not  significantly  different,  because  the 
difference  of  09  pounds  is  less  than  the  required  .15  pounds.  Blank  spaces  indicate 
that  differences  in  general  at  those  particular  ages  were  not  significant. 


,\GE    IN 

•Veeks 


Per  Cent  Dry  Skiimiviilk 


None 


1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


Significant 
Differences 


Pay-old 
2 
4 
6 

8 

10 
12 
14 
16 
18 
20 
22 
24 

28 
32 
36 
40 
44 
48 
52 
88 
60 
84 


Mean 
28   to    72 


lbs. 
.08 
.19 
.39 

.75 
1.08 
1.46 
1.87 
2.19 
2.42 
2.50 
2.78 
3.07 
3.28 

4.04 

4.11 

4.00 

4.03 

3.75 

3.97 

4.00 

3.98 

3.91 

3.91 

3.83 

3.93 


lbs. 

.08 

.18 

.39 

.75 

1.14 

1.51 

1.93 

2.27 

2.50 

2.64 

2.78 

3.08 

3.32 

4.06 

4.09 

3.91 

3.93 

3.74 

3.84 

3.99 

4.04 

4.03 

3.85 

3.66 

3.62 


lbs. 

.08 

.20 

.39 

.79 

1.17 

1.59 

2.01 

2.30 

2.58 

2.78 

3.02 

3.20 

3.51 

4.14 
3.98 
4.01 
4.08 
3.93 
3.97 
3.98 
4.04 
3.99 
3.91 
3.85 
3.71 


Growing  period 

lbs.  lbs.  lbs. 

.08  .08  .08 

.21  .20  .21 

.43  .43  .44 

.79  .82  .84 

1.13  1.20  1.22 

1.54  1.61  1.65 

1.95  2.00  2.07 

2.27  2.24  2.44 
2.41  2.65  2.72 
2.69  2.79  2.91 

2.96  3.03  3.11 
3.18  3.24  3.34 
3.46  3.55  3.73 

Laying  period 

4.28  4.31  4.38 
4.21  4.13  4.28 
4.06  4.19  4.20 

4.06  4.24  4.32 

4.07  4.20  4.32 
4.01  3.95  4.29 
4.13  4.16  4.31 
4.01  3.96  4.23 
3.88  4.09  4.08 
3.83  4.01  4.03 
3.82  4.01  4.09 
3.95  4.15  3.99 


3.96        3.90        3.97 


4.03 


4.12 


4.21 


lbs. 

.07 

.19 

.41 

.77 

1.11 

1.48 

1.85 

2.18 

2.42 

2.62 

2.84 

3.08 

3.43 

3.95 
3.80 
3.74 
3.79 
3.95 
3.87 
3.88 
3.79 
3.58 
3.67 
3.67 
3.75 

3.79 


lbs. 

.08 

.21 

.46 

.87 

1.27 

1.68 

2.08 

2.44 

2.69 

2.90 

3.15 

3.43 

3.89 

4.36 
4.22 
4.16 
4.19 
4.29 
4.30 
4.31 
4.25 
4.17 
4.09 
3.97 
3.94 

4.19 


lbs. 

.01 
.02 
.03 
.04 
.06 
.06 
.08 
.09 
.10 
.10 
.10 
.13 

.16 
.18 
.18 
.19 
.23 
.23 
.25 
.24 
.26 
.28 
.29 
Jl 


Table  7.— Mean  body  weight  per  pullet,  third  year. 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


None        1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


Significant 
Differences 


Growing  period 


Day-old 

2 

4 

6 

8 
10 
IS 
14 
16 
18 
20 
22 
24 


28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 


lbs. 

.08 

.22 

.41 

.74 

1.06 

1.39 

1.70 

2.09 

2.39 

2.66 

2.88 

3.03 

3.34 

3.86 
3.95 
3.81 
3.89 
3.93 
3.96 
3.90 
3.92 
3.88 
3.86 
3.79 
3.75 


lbs. 

.08 

.23 

.42 

.75 

1.11 

1.46 

1.80 

2.13 

2.45 

2.68 

2.94 

3.15 

3.54 

3.91 

3.95 

3.89 

3.97 

4.00 

4.02 

3.98 

4.07 

3.95 

3.72 

3.38 

3.53 


1. 
1. 


lbs. 

.08 

.23 

.43 

.79 

.15 

.52 

1.85 

2.24 

2.49 

2.78 

3.02 

3.31 

3.58 

3.85 
3.88 
3.73 
3.74 
3.86 
3.99 
3.96 
3.98 
3.94 
3.80 
3.87 
3.83 


lbs.  lbs.  lbs. 

.08  .08  .08 

.23  .23  .24 

.43  .44  .40 

.79  .83  .78 

1.13  1.21  1.14 

1.51  1.60  1.48 

1.83  1.93  1.81 

2.25  2.30  2.21 

2.55  2.61  2.53 

2.80  2.89  2.85 

3.03  3.06  3.03 

3.25  3.24  3.28 

3.59  3.68  3.63 

Laying  period 

4.02  3.92 

3.95  4.01 

3.90  3.96 

3.93  3.90 

4.01  3.95 

4.11  4.05 

4.07  4.00 

4.06  3.94 

3.95  4.03 

3.83  3.93 

3.83  3.99 

3.64  4.03 


lbs. 

.08 

.23 

.43 

.80 

1.13 

1.47 

1.81 

2.21 

2.53 

2.79 

2.95 

3.21 

3.55 


4.07 

3.99 

4.10 

4.11 

4.05 

4.02 

4.16 

4.05 

4.17 

4.07 

4.25 

4.18 

4.15 

4.17 

4.05 

4.28 

3.95 

4.17 

3.92 

4.13 

3.88 

4.02 

3.78 

3.80 

lbs. 

.08 

.24 

.41 

.78 

1.16 

1.50 

1.83 

2.25 

2.58 

2.84 

3.02 

3.23 

3.58 

3.94 
4.07 
4.07 
4.05 
4.06 
4.10 
4.03 
4.19 
4.03 
3.80 
3.81 
3.83 


lbs. 

.01 

.02 
.03 
.04 
.05 
.05 
.06 
.07 
.08 
.09 
.09 
.12 

.15 
.16 
.17 
.17 
.17 
.18 

.21 

.24 
.25 
.21 


Mean 
28  to  72 


3.88        3.86        3.87 


3.94        3.98 


4.04         4.08        4.00 


Table  8.— Feed  consumption  per  bird,  first  year. 
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Age  in 
Weeks 


Per  Cent  Dry  Skuvuviilk 


None        1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


Growing 


Day-old  to  2 

2  to    4 

4  to    6 

6  to    8 

8  to  10 

10  to  12 

12  to  14 

14  to  16 

16  to  18 

18  to  20 

20  to  22 

22  to  24 

Total* 


24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 


lbs. 

.52 

.94 

1.22 

1.68 


1, 
2 
1, 
2 
2 
2 
2 
2 


78 
03 
94 
36 
35 
56 
88 
91 


lbs. 
.51 
.94 
1.27 
1.47 
1.65 
1.88 
2.01 
2.36 
2.40 
2.60 
2.71 
2.72 


lbs. 
.53 
.94 
1.32 
1.41 
1.68 
1.92 
2.00 
2.23 
2.38 
2.36 
2.70 
2.78 


period 

lbs. 
.55 
.96 
1.32 
1.66 
1.60 
2.05 
1.99 
2.31 
2.36 
2.54 
2.86 
2.83 


lbs. 
.53 
.95 
1.22 
1.66 
1.72 
1.96 
1.86 
2.35 
2.45 
2.50 
2.63 
2.93 


lbs. 
.54 
1.00 
1.25 
1.52 
1.65 
1.95 
1.92 
2.33 
2.31 
2.49 
2.71 
2.85 


lbs. 
.53 
.97 
1.23 
1.47 
1.68 
1.92 
1.97 
2.36 
2.39 
2.54 
2.87 
2.96 


Laying  period 


5.95 
7.89 
7.95 
9.00 
8.98 
8.88 
8.32 
7.99 
7.25 
6.03 
5.46 
5.94 


5.89 
8.04 
8.38 
8.63 
8.74 
8.18 
8.16 
7.78 
7.13 
6.00 
5.51 
5.37 


5.87 
7.88 
7.77 
8.40 
8.56 
8.27 
8.38 
8.22 
8.05 
7.11 
6.89 
6.69 


5.82 
7.60 
7.60 
8.32 
8.50 
8.16 
8.17 
8.45 
7.64 
6.70 
5.89 
6.15 


6.18 
7.90 
7.66 
8.44 
8.25 
7.92 
8.09 
8.09 
7.33 
6.83 
6.43 
6.08 


5.80 
7.56 
7.98 
8.23 
8.52 
8.22 
8.13 
7.90 
7.17 
6.27 
5.96 
5.63 


5.90 
7.96 
7.79 
8.80 
8.72 
8.50 
8.57 


7. 
7. 
6. 
6 
5 


59 
18 
14 
19 
46 


Total t 


» Differences  not  significant.  ,    .     ^       .      .^       x    « r,^  ,i, 

t  Minimum  difference  between  totals  to  be  significant:  2.76  lbs. 

Table  9.— Feed  consumption  per  bird,  second  ye^r. 


Age 

IN 

Weeks 

Day-old  to 

2 

to 

4 

4 

to 

6 

6 

to 

8 

8 

to 

10 

10 

to 

12 

12 

to 

14 

14 

to 

16 

16 

to 

18 

18 

to 

20 

20 

to 

22 

22 

to 

24 

Total* 

24 

to 

28 

28 

to 

32 

32 

to 

36 

36 

to 

40 

40 

to 

44 

44 

to 

48 

48 

to 

52 

52 

to 

56 

56 

to 

60 

60 

to 

64 

64 

to 

68 

68 

to 

72 

Per  Cent  Dry  Skimmilk 


TOTALt 


*  Minimum  difference  between  totals  to  be  significant:  1.28  lbs. 
t  Minimum  difference  between  totals  to  be  significant:  3.60  lbs. 


8.75 


lbs. 
.55 
1.01 
1.27 
1.76 
1.69 
2.02 
2.10 
2.44 
2.49 
2.44 
3.12 
3.00 


23.17      22.52      22.25      23.03      22.76      22.52      22.89      23.89 


6.40 
8.03 
7.73 
8.77 
8.63 
8.53 
8.60 
8.14 
7.32 
6.73 
6.54 
6.33 


89.64      87.81       92.09      89.00      89.20      87.37      88.80      91.75 


None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

Growing  period 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.38 

.40 

.36 

.41 

.41 

.36 

.36 

.40 

.74 

.83 

.74 

.96 

.83 

.73 

.90 

.95 

1.07 

1.19 

1.26 

1.14 

1.18 

1.21 

1.21 

1.31 

1.35 

1.50 

1.75 

1.41 

1.49  - 

1.53 

1.60 

1.56 

2.24 

2.18 

2.29 

2.08 

1.99 

2.04 

1.96 

1.87 

2.13 

2.07 

1.98 

1.97 

1.93 

2.39 

2.00 

2.08 

2.70 

2.53 

2.93 

2.58 

2.09 

2.77 

2.65 

2.69 

2.40 

2.41 

2.62 

2.30 

2.24 

2.45 

2.44 

2.50 

2.27 

2.37 

2.34 

2.45 

2.38 

2.44 

2.62 

2.56 

2.52 

2.34 

2.77 

2.60 

2.59 

2.57 

2.57 

2.68 

2.62 

2.63 

2.49 

2.53 

2.52 

2.49 

2.41 

2.61 

2.60 

2.74 

2.80 

2.83 

2.85 

2.94 

2.81 

3.21 

23.02 

23.19 

24.33 

23.26 

22.50 

23.92 

23.53 

24.42 

Laying  period 

6.34 

6.60 

6.24 

6.86 

6.71 

6.69 

6.77 

6.66 

6.83 

7.40 

6.57 

7.59 

6.76 

7.23 

7.06 

7.12 

6.55 

7.09 

6.98 

7.30 

7.44 

7.26 

7.04 

6.80 

7.53 

7.71 

7.47 

7.73 

7.99 

7.93 

7.84 

7.21 

6.50 

7.59 

7.21 

7.94 

8.04 

7.66 

7.85 

7.97 

6.45 

7.02 

7.00 

7.28 

7.03 

7.73 

7.75 

8.21 

6.66 

7.22 

7.17 

7.81 

7.39 

8.07 

7.93 

8.88 

6.16 

7.69 

7.07 

7.33 

6.72 

7.32 

7.26 

7.63 

5.68 

7.02 

6.70 

7.11 

7.04 

6.56 

6.83 

6.76 

5.72 

6.25 

5.99 

6.32 

6.70 

6.33 

6.61 

6.28 

4.78 

5.46 

5.47 

6.12 

6.46 

5.95 

6.13 

5.80 

5.44 

5.22 

5.40 

7.03 

6.81 

6.20 

6.45 

6.03 

74.64 

82.27 

79.27 

86.42 

85.09 

34.93 

85.52 

85.35 

Table  10. — Feed  consumption  per  bird,  third  year. 


Age  in 

Weeks 


Per  Cent  Dry  Skimmilk 


None      1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


Day- 

old 

[  to  2 

2 

to 

4 

4 

to 

6 

6  to 

8 

8 

to 

10 

10 

to 

12 

12 

to 

14 

14 

to 

16 

16 

to 

18 

18 

to 

20 

20 

to 

22 

22 

to 

24 

Total* 

24 

to 

28 

28 

to 

32 

32 

to 

36 

36 

to 

40 

40 

to 

44 

44 

to 

48 

48 

to 

52 

52 

to 

56 

56 

to 

60 

60 

to 

64 

64  to 

68 

68 

to 

72 

TOTALt 


♦Minimum  difference  between  totals  to  be  significant:    94  lbs. 
t  Mmimum  difference  between  totals  to  be  significant:  3.11  lbs. 


Table  11.— Mean  per  cent  egg  production,  lirst  year. 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


None      1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


20  to  24 
24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 

Mean* 


2.6 
28.6 
44.0 
57.5 
54.8 
54.9 
55.2 
,55.5 
57.0 
57.1 
34.0 
20.8 
12.6 

41.1 


3.4 
23.8 
36.7 
57.1 
56.2 
57.2 
52.1 
50.4 
51.6 
49.3 
35.1 
27.7 
16.7 

39.8 


2.4 
25.9 
43.9 
59.8 
56.7 
58.9 
64.9 
57.0 
59.1 
61.8 
52.8 
41.2 
29.0 


4.6 
30.1 
46.6 
54.5 
46.4 
55.7 
57.1 
57.9 
59.4 
59.3 
52.4 
32.3 
20.2 


1.6 

2.9 

18.2 

25.4 

42.9 

47.4 

57.9 

62.5 

59.2 

58.5 

61.5 

59.2 

61.8 

60.6 

54.7 

56.0 

60.2 

52.1 

64.1 

55.7 

49.1 

40.6 

38.9 

30.2 

21.8 

17.8 

4.1 
30.2 
49.9 
59.1 
58.3 
56.6 
53.7 
60.9 
54.6 
47.5 
39.9 
30.6 
18.8 


8.75 


Growing  period 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.37 

.37 

.38 

.38 

.36 

.38 

.39 

.37 

.56 

.56 

.60 

.60 

.60 

.60 

.51 

.56 

1.02 

1.04 

1.12 

1.08 

1.06 

1.18 

1.07 

1.12 

1.23 

1.26 

1.32 

1.24 

1.29 

1.44 

1.28 

1.38 

1.34 

1.49 

1.54 

1.40 

1.48 

1.66 

1.49 

1.56 

1.53 

1.44 

1.63 

1.58 

1.55 

1.60 

1.64 

1.51 

1.96 

1.92 

1.96 

2.04 

2.07 

2.02 

1.77 

1.97 

2.12 

2.16 

2.19 

2.32 

2.27 

2.16 

2.26 

2.25 

2.51 

2.49 

2.58 

2.69 

2.52 

2.65 

2.37 

2.60 

2.54 

2.57 

2.68 

2.53 

2.58 

2.58 

2.77 

2.51 

2.28 

2.67 

2.71 

2.90 

2.55 

2.65 

2.83 

2.83 

2.93 

3.00 

2.75 

2.89 

2.95 

3.08 

3.03 

2.82 

20.39 

20.97 

21.46 

21.65 

21.28 

22.00 

21.41 

21.48 

Laying  period 

6.40 

5.98 

5.94 

6.40 

6.24 

6.41 

6.23 

6.00 

7.31 

6.72 

6.73 

7.02 

7.21 

6.96 

7.37 

7.04 

7.02 

6.75 

6.45 

7.04 

7.11 

7.22 

7.19 

6.91 

7.93 

7.48 

7.20 

7.88 

7.73 

8.00 

8.08 

7.59 

8.29 

7.59 

7.73 

8.24 

7.84 

8.43 

8.15 

8.50 

8.39 

7.71 

7.73 

8.22 

7.89 

8.00 

8.31 

8.14 

7.68 

7.30 

7.43 

7.51 

7.43 

7.27 

7.33 

7.43 

7.38 

7.26 

6.95 

7.35 

7.12 

6.71 

8.04 

7.56 

7.30 

6.84 

6.38 

6.65 

6.99 

6.56 

7.03 

6.78 

7  09 

6.19 

5.92 

6.13 

6.48 

6.32 

6.58 

5.75 

7.11 

5.55 

6.40 

6.72 

7.41 

6.22 

6.34 

6.10 

6.29 

5.21 

5.58 

5.38 

6.75 

5.62 

5.04 

5.81 

88.19 

80.58 

80.44 

84.54 

86.20 

83.72 

85.69 

83.61 

47.2        44.3        45.5 


43.8 


Minimum 


difference  between  means  to  be  significant:  3.3  per  cent. 


8.75 


4.6 
31.6 
47.4 
49.1 
54.5 
59.6 
55.6 
58.5 
59.0 
56.9 
44.0 
33.8 
20.4 


43.4         44.2 
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Table  12.— Mean  per  cent  egg  production,  second  year. 


Age  in 
Weeks 


20  to  24 
24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 

Mean* 


Per  Cent  Dry  Skimmilk 


None       1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


34.6 


36.3 


42.5 


40.7 


44.2         44.3 


46.2 


*  Minimum  difference  between  means  to  be  significant:  4.2  per  cent. 


8.75 


.4 

.1 

.2 

2.4 

.2 

.8 

6.2 

13.8 

18.4 

17.6 

17.9 

25.8 

30.0 

27.6 

52.5 

56.2 

61.1 

65.4 

62.0 

58.1 

65.1 

56.3 

51.8 

58.6 

54.0 

57.0 

56.4 

60.3 

52.4 

47.2 

59.1 

53.6 

59.3 

56.1 

63.1 

55.7 

57.0 

46.4 

40.3 

48.5 

51.7 

55.7 

62.3 

55.8 

52.9 

39.1 

30.3 

35.8 

39.9 

45.2 

49.5 

54.2 

56.3 

50.5 

44.0 

35.5 

48.3 

48.5 

45.3 

54.6 

63.3 

52.6 

45.5 

47.0 

50.5 

45.8 

55.6 

52.8 

57.4 

56.9 

42.4 

45.4 

53.1 

40.5 

53.2 

49.4 

48.9 

51.9 

33.2 

42.7 

51.3 

35.0 

43.2 

46.2 

46.1 

42.3 

24.9 

23.8 

37.8 

32.4 

33.5 

33.4 

38.1 

28.0 

19.3 

10.4 

26.4 

29.6 

32.3 

27.7 

32.9 

13.1 

39.4 
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Age  in 
Weeks 


Table  15. — Mean  weight  per  egg,  second  year. 


24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 

Mean    24  to  72 

Mean*  44  to  64 


Per  Cent  Dry  Skimmilk 


None      1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


grams    grams    gram,s    graw,s   grams   grams   grams   grams 


43.5 
48.8 
49.2 
51.1 
51.9 
52.6 
53.7 
53.4 
52.8 
53.6 
55.0 
57.6 

51.9 

53.2 


45.4 
49.2 
50.3 
49.7 
51.1 
52.6 
53.6 
52.8 
52.1 
52.6 
53.7 
59.7 

51.9 

52.7 


45.9 
49.9 
50.7 
52.8 
53.8 
54.9 
55.5 
55.0 
54.6 
54.7 
54.4 
57.0 

53.3 

54.9 


46.9 
50.3 
51.2 
52.3 
54.3 
54.9 
55.5 
55.6 
54.2 
54.4 
55.6 
58.0 

53.6 

54.9 


46.7 
49.4 
50.7 
53.2 
53.7 
54.2 
55.2 
55.2 
54.3 
55.0 
56.3 
58.8 

53.6 

54.8 


47.6 
51.0 
52.1 
53.2 
55.1 
56.0 
57.5 
55.9 
53.8 
54.9 
55.3 
57.7 

54.2 

55.6 


46.0 
48.4 
49.0 
50.3 
52.0 
52.5 
53.3 
52.4 
52.2 
52.7 
52.8 
55.6 

51.4 

52.6 


47. 

50. 

51. 

53. 

54. 

56. 

57. 

56. 

56.3 

56.6 

59.0 

62.4 

55.2 

56.8 


.3 
.4 
.5 
.3 
.6 
.6 
.6 
.7 


*  Minimum  difference  between  means  to  be  significant:  .5  grams. 


Table  13.— Mean  per  cent  egg  production,  third  year. 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


20  to  24 
24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 

Mean* 


None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

.4 

1.8 

3.0 

1.4 

1.8 

1.3 

.5 

1.1 

15.9 

24.3 

25.4 

23.6 

27.5 

29.0 

19.4 

24.8 

43.5 

41.3 

47.2 

48.6 

46.2 

43.2 

43.5 

40.5 

65.6 

52.3 

52.7 

60.1 

67.5 

59.1 

61.3 

61.0 

70.9 

60.7 

59.5 

66.7 

70.9 

71.9 

65.5 

72.8 

72.9 

54.0 

61.4 

68.7 

72.8 

70.4 

62.5 

71.4 

74.8 

64.0 

65.1 

65.5 

65.4 

55.9 

57.4 

70.4 

68.3 

64.5 

64.6 

62.6 

64.7 

59.0 

57.6 

64.7 

59.7 

61.3 

59.4 

63.5 

53.7 

60.2 

56.5 

66.0 

62.3 

67.2 

55.3 

59.9 

57.3 

55.3 

55.8 

65.2 

57.8 

54.6 

44.2 

56.1 

55.5 

50.7 

44.9 

44.8 

42.6 

31.7 

35.8 

41.6 

49.2 

37.2 

33.6 

39.9 

24.1 

2.8 

15.7 

12.8 

33.7 

17.6 

12.0 

19.2 

50.7 


44.7 


45.3 


48.5 


51.2 


47.0 


43.9 


*  Minimum  difference  between  means  to  be  significant:  3.8  per  cent. 


Table  14. — Mean  weight  per  egg,  first  year. 


49.4 


Table  16. — Mean  weight  per  egg,  third  year. 

Age  in 

Per  Cent  Dry  Skimmilk 

Weeks 

None       1.25         2.5         3.75         5.0         6.25 

7.5 

8.75 

24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 

Mean  24  to  72 

Mean*  44  to  64 


grams 
44.6 
48.6 
49.9 
51.6 
52.2 
53.2 
53.6 
54.3 
53.9 
53.6 
54.5 
58.5 

52.4 

53.7 


grams 
44.4 
48.4 
49.7 
51.4 
53.0 
53.6 
54.0 
55.0 
54.3 
52.9 
54.2 
58.6 

52.5 

53.8 


grams 
44.2 
47.9 
49.2 
50.6 
51.8 
53.0 
53.5 
54.4 
54.6 
54.2 
55.6 
58.3 

52.3 

53.9 


grams 
44.8 
48.4 
50.4 
52.0 
53.3 
54. 
55. 
55. 
54. 
53. 
54. 


.3 

.1 
.5 
.4 
.9 
.5 


56.8 
52.8 
54.6 


grams 
44.7 
48.6 
50.8 
51.2 
52.2 
52.4 
53.2 
54.2 
53.6 
53.0 
54.0 
57.5 

52.1 

53.3 


grams 
45.0 
49.6 
51.0 
53.1 
54.2 
54.1 
55.1 
55.1 
54.6 
54.1 
55.7 
58.6 

53.4 

54.6 


grams 
44.2 
48.8 
51.8 
52.5 
53.5 
54.4 
54.6 
55.2 
54.6 
54.0 
55.3 
57.6 

53.0 

54.6 


grams 
45.0 
49.0 
51.2 
52.4 
53.3 
54.3 
54.8 
55.2 
55.2 
54.6 
55.2 
58.4 

53.2 

54.8 


*  Minimum  difference  between  means  to  be  significant:  .4  grams. 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


24  to  28 
28  to  32 
32  to  36 
36  to  40 
40  to  44 
44  to  48 
48  to  52 
52  to  56 
56  to  60 
60  to  64 
64  to  68 
68  to  72 

Mean  24  to  72 

Mean*  44  to  64 


None       1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


grams   grams    grams'  grams    grams    grams   grams   grams 


45.6 
48.8 
51.4 
53.2 
53.6 
54.3 
55.0 
55.4 
55.0 
56.1 
56.7 
56.0 

53.4 

55.2 


44.2 
48.7 
51.4 
53.3 
54.1 
54.7 
54.8 
56.1 
56.8 
56.0 
57.0 
54.5 

53.5 

55.7 


44.8 
48.4 
51.8 
54.0 
54.4 
55.5 
55.4 
55.5 
56.1 
55.3 
56.1 
56.8 

53.7 

55.6 


45.2 
49.4 
52.4 
53.7 
55.8 
56.4 
57.1 
57.5 
57.1 
56.7 
57.7 
57.6 

54.7 

57.0 


46.3 
49.3 
52.7 
55.1 
54.8 
55.5 
56.7 
57.0 
57.5 
56.8 
58.6 
57.8 

54.8 

56.7 


45.5 
49.5 
52.1 
53.2 
53.7 
54.9 
55.3 
56.0 
55.9 
55.3 
57.2 
54.2 

53.6 

55.5 


45.7 
49.6 
51.8 
52.7 
53.7 
54.3 
55.0 
54.5 
55.5 
54.8 
55.7 
56.3 

53.3 

54.8 


45.3 
49.1 
51.6 
53.6 
54.7 
54.9 
55.6 
56.0 
56.6 
55.0 
56.5 
55.7 

53.7 

55.6 


Dry  Skimmilk 


Table  17.— Mean  age  and  body  weight  at  first  egg. 


First  Year 


Second  Year* 


Third  Year 


Per  cent 

None 

1.25 

2.50 

3.75 

5.00 

6.25 

7.50 

8.75 


days 

194.6 
198.0 
193.5 
191.4 
198.3 
192.1 
187.0 
188.1 


lbs. 

3.99 
3.82 
3.86 
3.87 
3.95 
3.98 
3.78 
3.94 


days 

202.3 
196.5 
192.8 
194.8 
192.5 
188.8 
186.9 
189.4 


lbs. 

4.10 
3.99 
4.06 
4.15 
4.16 
4.25 
3.82 
4.28 


days 

200.5 
195.8 
188.9 
193.9 
192.0 
192.4 
195.4 
196.8 


♦  Minimum  difference  between  means  to  be  significant:   .5  grams. 


*  Minimum  difference  between  means  to  be  significant:  5:2  days;  .20  lbs. 


lbs. 

3.91 
3.90 
3.89 
3.96 
3.94 
4.05 
4.05 
4.01 
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Date 
Hatched 


Per  Cent  Dry  Skimmilk 


None      1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


Number  of  eggs  set 


Feb.   10 
Feb.  24 
March  2 
March  24 
May  26 
July  20 

Total 


Feb.  10 
Feb.  24 
March  2 
March  24 
May  26 
July  20 

Mean* 


165 
143 
125 
131 
298 
100 

962 


165 
145 
115 
125 
289 
100 

939 


165 
150 
125 
126 
300 
100 

966 


165 
109 
86 
126 
300 
100 

886 


165 
150 
140 
137 
295 
100 

987 


Per  cent  hatch  of  fertile  eggs 


63.9 
55.9 
64.0 
72.1 
76.0 
59.8 

65.3 


70.7 
65.6 
71.7 
84.8 
78.3 
66.7 

73.0 


77.4 
74.3 
83.7 
80.6 
82.1 
76.2 

79.0 


69.8 
49.5 
66.2 
75.7 
79.2 
64.0 

67.4 


78.5 
63.6 
77.4 
81.9 
82.8 
64.5 

74.8 


165 
139 
121 
143 
301 
100 

963 


78.7 
63.0 
89.2 
83.1 
84.5 
76.7 

79.2 


165 
150 
116 
130 
300 
100 

961 


82.5 
69.3 
79.0 
80.4 
80.1 
65.9 

76.2 


♦  Minimum  difference  between  means  to  be  significant:  5.4  per  cent. 

Table  19.— Hatching  results,  second  year. 


♦  Minimum  difference  between  means  to  be  significant:  11.8  per  cent 

Table  20.— Hatching  results,  third  year. 


Date 
Hatched 


Per  Cent  Dry  Skimmilk 


None   1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


165 
144 
130 
140 
298 
100 

977 


84.5 
74.4 
78.4 
82.1 
79.2 
69.5 

78.0 


Date 

None 

Per  ( 
1.25 

Cent  Dry  Skimmilk 
2.5         3.75         5.0 

Hatched 

6.25 

7.5 

8.75 

Number  of  eggs 

set 

March  22 

100 

100 

100 

100 

100 

100 

100 

100 

March  31 

100 

100 

100 

100 

100 

100 

100 

100 

April  12 
May  3 
May  10 
May  17 

150 

150 

150 

150 

150 

150 

150 

150 

94 

165 

165 

165 

165 

165 

165 

165 

66 

69 

it 

66 
103 

88 
107 

76 
101 

98 
125 

109 
148 

99 
127 

Total 

579 

641 

684 

710 

692 

733 

772 

741 

Per  cent 

hatch 

of  fertile  < 

eggs 

March  22 

77.9 

37.9 

77.6 

55.3 

65.9 

82.2 

48.2 

57.0 

March  31 

54.3 

44.7 

87.9 

58.4 

41.0 

72f.4 

47.0 

60.9 

April  12 
May  3 
May  10 
May  17 

79.5 

55.9 

87.1 

70.8 

79.1 

78.1 

62.3 

61.7 

85.4 

73.6 

75.3 

63.2 

81.1 

76.2 

77.2 

75.4 

81.2 
79.7 

79.2 
76.6 

85.2 
96.0 

69.7 
66.7 

93.5 
87.0 

75.7 
87.6 

80.4 
90.0 

88.2 
79.4 

Mean* 

76.3 

61.3 

84.8 

64.0 

74.6 

78.7 

67.5 

70.4 

8.75 


Number  of  eggs  set 

Feb    23 

100          100          100          100 

100 

100 

100 

100 

April  20 
May  31 

100          100          100          100 
100          100          100          100 

100 
100 

100 
100 

100 
100 

100 
100 

Total 

300         300         300         300 

Per  cent  hatch  of  fertile 

300 

eggs 

300 

300 

300 

Feb.  23 
April  20 
May  31 

72.6        76.4        65.6        80.9 

76.1 

86.2 

84.6 

79.6 

79.3        82.2        75.9        93.3 
84.6        79.1         75.0        87.6 

86.0 
81.2 

81.8 
88.5 

83.3 
84.4 

86.8 
82.1 

Mean* 

78.8        79.2        72.2        87.3 

81.1 

85.5 

84.1 

82.8 

Table  21.- 

-Mean 

per  cent 

egg  shell  of  total  weight 

of  egg,  iirst 

year. 

A.GE  IN 

Per 

Cent  Dry 

Skimmilk 

Weeks 

None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

28 

10.0 

9.1 

9.8 

9.6 

9.8 

9.7 

9.8 

9.9 

35 

9.6 

9.7 

9.0 

9.3 

9.4 

9.2 

9.1 

8.9 

38 

9.6 

9.3 

9.1 

9.5 

9.1 

9.2 

9.0 

9.0 

43 

8.7 

8.8 

9.1 

8.8 

9.2 

8.2 

8.9 

8.5 

m 

9.4 

8.4 

8.5 

9.1 

8.7 

8.7 

8.3 

8.4 

&i 

9.2 

8.6 

9.1 

8.3 

9.1 

8.6 

8.4 

8.0 

67 

8.9 

8.6 

8.6 

8.5 

8.5 

8.0 

8.3 

8.6 

61 

8.0 

7.7 

10.0 

9.4 

9.2 

8.2 

8.8 

8.2 

66 

6.1 

7.8 

6.6 

7.2 

6.9 

7.9 

7.1 

7.6 

Mean* 

9.1 

8.7 

8.9 

8.9 

8.9 

8.6 

8.6 

8.6 

*  Differences  not  significant. 

Table  22 

. — Mean 

per  cent  ash  in 

egg  shell 

,  first 

year. 

Age  in 

Per 

Cent  Dry 

Skimmilk 

Weeks 

None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

26 

53.9 

53.6 

53.8 

53.6 

53.8 

53.4 

53.8 

53.6 

36 

53.7 

53.7 

53.5 

53.7 

53.6 

53.4 

53.4 

53.0 

at 

53.5 

53.5 

53.5 

53.6 

53.5 

53.3 

53.2 

53.5 

48 

53.4 

53.2 

53.4 

53.3 

53.3 

53.2 

53.5 

53.4 

48 

52.3 

52.0 

51.9 

52.4 

52.8 

52.9 

52.9 

53.0 

51 

m 

66 

51.8 

53.4 

52.0 

52.9 

53.2 

53.4 

53.0 

53.0 

51.5 

52.8 

51.8 

52.9 

52.5 

52.7 

53.0 

53.0 

52.8 

53.2 

52.2 

51.8 

52.5 

52.7 

52.5 

52.1 

52.7 

52.6 

51.9 

52.2 

52.5 

52.5 

52.0 

52.6 

Mean* 

52.8 

53.1 

52.7 

52.9 

53.1 

53.1 

53.0 

53.1 

*  Differences  not  significant 


Table  23.— Mean  per  cent  yolk  of  total  weight  of  egg,  first  year. 

T3irm     r^»:>».Tin     T»DV     Qw  TTV/nV/TTT.K 


Age  in 
Weeks 

35 
38 
43 
48 
51 
57 
61 
66 

Mean* 


Per  Cent  Dry  Skimmilk 


None 

29.0 
28.6 
26.3 
29.6 
30.1 
28.6 
30.8 
29.9 

29.1 


1.25 

29.2 
28.0 
27.8 
27.8 
30.2 
28.3 
25.8 
28.9 

28.2 


2.5 

31.0 
27.8 
28.2 
27.0 
29.0 
28.9 
29.8 
30.3 

29.0 


3.75 

30.1 
28.1 
27.6 
28.6 
28.3 
28.4 
30.0 
30.2 

28.9 


5.0 

31.5 
27.4 
28.6 
29.5 
30.3 
29.0 
30.7 
30.0 

29.6 


6.25 

28.4 
27.1 
26.9 
29.5 
29.8 
29.3 
29.1 
29.4 

28.7 


7.5 

29.1 
27.7 
27.7 
28.5 
28.9 
30.2 
29.9 
29.1 

28.9 


8.75 

30.0 
29.4 
28.4 
28.3 
29.3 
29.7 
29.1 
28.8 

29.1 


*  Differences  not  significant. 


Table  24.— Mean  per  cent  firm  albumen  of  total  albumen,  first  year. 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


None 


1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


35 
38 
43 
48 
51 
57 
61 
66 

Mean* 


56.2 
58.9 
58.6 
54.3 
55.7 
55.8 
54.7 
51.4 

55.7 


58.6 
56.1 
55.8 
57.0 
53.6 
55.4 
52.2 
55.5 

55.5 


60.3 
56.0 
59.3 
58.4 
51.5 
59.1 
52.2 
53.0 

56.2 


57.5 
57.7 
53.7 
50.5 
55.0 
53.1 
54.0 
54.9 

54.6 


56.4 

59.4 

55.3 

57.7 

58.2 

56.6 

54.8 

55.1 

53.6 

51.6 

56.2 

57.3 

49.1 

54.6 

54.7 

52.8 

54.8 

55.6 

58.5 
58.3 
55.9 
60.8 
56.8 
54.9 
55.1 
54.3 

56.8 


56.3 
55.0 
57.0 
56.0 
54.0 
55.7 
51.8 
53.2 

54.9 


*  Minimum  difference  between  means  to  be  significant:   7.9  per  cent. 


♦  Differences  not  significant. 
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Table 

25.  : 

Mean  albumen 

score,  first 

year.* 

Age  in 

Per 

Cent 

Dry  Skimmilk 
5.0            6.25 

7.5 

Weeks 

None 

1.25 

2.5 

3.75 

8.75 

35 

2.05 

1.55 

1.50 

1.90 

1.50 

1.65 

1.85 

1.50 

38 

1.85 

1.70 

1.80 

1.70 

1.85 

1.85 

2.60 

2.15 

43 

1.65 

1.75 

1.55 

1.70 

1.55 

1.85 

2.00 

1.50 

48 

1.85 

1.50 

1.70 

1.70 

1.75 

1.85 

1.70 

1.70 

51 

1.80 

1.50 

2.00 

1.75 

1.90 

1.75 

1.80 

1.85 

57 

1.80 

1.55 

1.70 

1.85 

1.70 

1.95 

1.95 

1.75 

61 

1.75 

2.20 

1.80 

1.95 

1.75 

1.80 

1.90 

1.90 

66 

1.90 

1.70 

2.20 

1.75 

1.70 

2.00 

1.80 

1.65 

MEANt 

1.83 

1.68 

1.78 

1.79 

1.71 

1.84 

1.95 

1.75 

♦  Albumen   score  is  a   measure  of   the  height  and    width   of   the   albumen    in    the 
broken-out  egg. 

t  Differences  not  significant. 


Table  28. 

, — Constants  for  the  rate  of  growth. 

first 

year.* 

Age  in 

Per  Cent  Dry 

Skimmilk 

Weeks 

None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

J)  ay -old  to  2 

1.830 

1.860 

1.974 

1.971 

1.952 

2.078 

2.148 

2.118 

2  to    4 

2.414 

2.387 

2.310 

2.415 

2.455 

2.405 

2.305 

2.365 

4  to     6 

1.602 

1.908 

1.920 

1.828 

1.812 

1.716 

1.743 

1.817 

6  to     8 

2.184 

1.767 

1.740 

1.792 

1.653 

1.867 

1.872 

1.897 

8  to  10 

1.498 

1.504 

1.576 

1.592 

1.580 

1.477 

1.496 

1.508 

10  to  12 

1.665 

1.443 

1.324 

1.471 

1.732 

1.534 

1.418 

1.491 

12  to  14 

1.002 

1.075 

1.025 

.980 

.898 

.864 

.936 

1.002 

14  to  16 

1.508 

1.500 

1.340 

1.396 

1.404 

1.393 

1.354 

1.354 

16  to  18 

.959 

.957 

.957 

.855 

.929 

.851 

.795 

.863 

18  to  20 

.996 

.852 

1.068 

1.006 

.859 

.876 

.943 

.897 

20  to  22 

1.533 

1.410 

1.164 

1.356 

1.030 

1.340 

1.158 

1.194 

22  to  24 

1.177 

.971 

1.218 

.988 

.932 

1.096 

1.113 

1.030 

*  Computed  by  means  of  the  equation:  constant 

log  Wo  —  log  W, 
log  t,  —  log  t, 

High  values  indicate  rapid  rates  of  growth. 


Table  26.— Mean  yolk  color,  first  year. 


* 


Age  in 

None 

1.25 

Per 
2.5 

Cent  Dry 
3.75 

Skimiv 
5.0 

IILK 

Weeks 

6.25 

7.5 

8.75 

35 

13.7 

13.6 

13.2 

13.7 

13.6 

13.8 

13.8 

13.3 

38 

14.0 

14.4 

14.4 

14.3 

14.4 

14.2 

13.9 

13.3 

43 

13.6 

13.8 

13.6 

13.4 

13.6 

13.9 

13.8 

13.3 

48 

13.6 

13.4 

12.7 

13.8 

13.6 

13.4 

13.1 

13.4 

51 

12.8 

12.5 

12.9 

13.3 

13.0 

13.2 

13.0 

13.2 

57 

12.8 

13.2 

12.8 

12.5 

12.7 

12.8 

12.3 

13.2 

61 

12.0 

12.0 

12.1 

11.3 

12.0 

12.0 

11.7 

12.0 

66 

11.4 

11.3 

12.1 

12.6 

12.4 

11.8 

11.9 

11.7 

Mean! 

13.0 

13.0 

13.0 

13.1 

13.2 

13.1 

12.9 

12.9 

♦  A  low  number  indicates  a  pale  yolk. 
t  Differences  not  significant. 


Table  29.— Constants  for  the  rate  of  growth,  second  year. 


Age  IN 

Per  Ce 

NT  Dry 
3.75 

Skimmilk 
5.0 

6.25 

7.5 

Weeks 

None 

1.25 

2.5 

8.75 

Day-old  to  2 

1.800 

1.740 

1.832 

1.906 

1.848 

1.907 

1.880 

2.016 

2  to    4 

2.075 

2.224 

2.044 

2.206 

2.282 

2.241 

2.240 

2.325 

4  to    6 

2.633 

2.646 

2.772 

2.380 

2.572 

2.576 

2.475 

2.506 

6  to     8 

1.836 

2.058 

1.968 

1.793 

1.912 

1.886 

1.846 

1.900 

8  to  10 

1.804 

1.696 

1.853 

1.838 

1.733 

1.813 

1.733 

1.660 

10  to  12 

1.672 

1.690 

1.633 

1.654 

1.526 

1.554 

1.548 

1.490 

12  to  14 

1.342 

1.318 

1.080 

1.213 

-906 

1.310 

1.318 

1.274 

14  to  16 

.903 

.901 

1.024 

.558 

1.520 

.993 

.950 

.050 

16  to  18 

.320 

.585 

.765 

1.107 

.503 

.675 

.815 

.748 

18  to  20 

1.176 

.563 

.894 

1.044 

.917 

.725 

.862 

.904 

20  to  22 

1.158 

1.210 

.674 

.862 

.793 

.845 

.976 

1.014 

22  to  24 

.866 

.956 

1.212 

1.074 

1.207 

1.440 

1.414 

1.642 

Table  27.— Mean  yolk  index,  first  year.* 


Age  in 
Weeks 


None 


35 


48 

51 
57 


Mean! 


.405 
.436 
.489 
.477 
.494 
.485 
.441 
.435 

.457 


1.25 


.412 
.421 
.433 
.431 
.498 
.471 
.441 
.437 

.443 


Per  Cent  Dry  Skimmilk 


2.5 


3.75 


5.0 


6.25 


.429 
.420 
.458 
.450 
.494 
.458 
.444 
.448 

.450 


.428 
.440 
.463 
.460 
.503 
.463 
.466 
.443 

.458 


.403 
.438 
.458 
.453 
,497 
.442 
.461 
.442 

.449 


.424 
.424 
.411 
.458 
.475 
.412 
.448 
.427 

.435 


7.5 


.437 
.428 
.457 
.459 
.459 
.452 
.456 
.451 

.449 


8.75 


.419 
.410 
.435 
.483 
.463 
.472 
.442 
.427 

.443 


♦  Yolk  index  is  the  ratio  between  the  height  and  width  of  the  yolk  after  the  albu- 
men has  been  removed. 

t  Differences  not  significant. 


Table  30.— Constants  for  the  rate  of  growth,  third  year. 


Age  in 
Weeks 


Day-old 

I  to  2 

2 

to 

4 

4 

to 

6 

6 

to 

8 

8 

to 

10 

10 

to 

12 

12 

to 

14 

14 

to 

16 

16 

to 

18 

18 

to 

20 

20 

to 

22 

22 

to 

24 

None 


1.891 
1.848 
2.386 
1.783 
1.652 
1.408 
1.630 
1.223 

.830 
1.118 

.635 
1.238 


1.25 


1.994 
1.742 
2.360 
1.913 
1.657 
1.467 
1.328 
1.267 

.913 
1.025 

.806 
1.517 


Per  Cent  Dry  Skimmilk 


2.5 


2.000 
1.810 
2.460 
1.893 
1.641 
1.377 
1.511 

.947 
1.090 

.912 
1.096 
1.030 


3.75 


2.000 

1.824 

2.474 

1.730 

1.588 

1.451 

1.593 

1.248 

.955 

.633 

.997 

1.320 


5.0 


2.007 

1.900 

2.354 

1.810 

1.746 

1.333 

1.662 

1.071 

.993 

.851 

.866 

1.277 


6.25 


2.014 
1.887 
2.502 
1.883 


696 
304 
409 
134 
012 
.628 
.705 
1.630 


7.5 


2.058 
1.564 
2.680 
1.854 
1.578 
1.410 
1.600 
1.223 
1.175 
.702 
.948 
1.298 


8.75 


2.042 

1.600 

2.583 

1.954 

1.570 

1.398 

1.650 

1.207 

.961 

.686 

.779 

1.360 


/^  •* 
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Table  31.— Efficiency  of  feed  utilization,  first  year.* 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


None      1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


Day-old  to  2 

2 

to 

4 

4 

to 

6 

6 

to 

8 

8 

to 

10 

10 

to 

12 

12 

to 

14 

14 

to 

16 

16 

to 

18 

18 

to 

20 

20 

to 

22 

22 

to 

24 

*  Pounds  of  gain  per  pound  of  feed  consumed. 


Table  32. — Efficiency  of  feed  utilization,  second  year. 


* 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


Day-old  to 

2 

to 

4 

4 

to 

6 

6 

to 

8 

8 

to 

10 

10 

to 

12 

12 

to 

14 

14 

to 

16 

16 

to 

18 

18 

to 

20 

20 

to 

22 

22 

to 

24 

*  Pounds  of  gain  per  pound  of  feed  consumed. 


lbs. 


252 

.263 

.276 

.265 

.270 

.289 

.309 

.289 

286 

.284 

.286 

.301 

.306 

.296 

.295 

.292 

197 

.238 

.232 

.229 

.242 

.233 

.238 

.243 

237 

.228 

.241 

.214 

.193 

.246 

.258 

.222 

180 

.194 

.205 

.223 

.198 

.204 

.204 

.210 

191 

.176 

.162 

.176 

.211 

.193 

.181 

.187 

126 

.127 

.123 

.124 

.121 

.113 

.120 

.125 

160 

.156 

.154 

.155 

.152 

.152 

.147 

.148 

105 

.100 

.100 

.095 

.098 

.097 

.086 

.093 

100 

.081 

.113 

.102 

.088 

.090 

.094 

.098 

141 

.131 

.109 

.125 

.100 

.128 

.103 

.102 

110 

.109 

.112 

.094 

.081 

.101 

.098 

.093 

None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.305 

.270 

.334 

.315 

.298 

.356 

.334 

.340 

.262 

.247 

.264 

.237 

.277 

.318 

.241 

.265 

.338 

.307 

.313 

.311 

.330 

.330 

.293 

.310 

.246 

.257 

.218 

.242 

.258 

.254 

.215 

.259 

.169 

.171 

.185 

.195 

.203 

.212 

.190 

.218 

.185 

.200 

.212 

.208 

.204 

.173 

.184 

.192 

.126 

.137 

.100 

.124 

.115 

.133 

.126 

.134 

.097 

.092 

.106 

.064 

.184 

.116 

.095 

.103 

.033 

.063 

.088 

.115 

.058 

.078 

.078 

.082 

.112 

.059 

.085 

.103 

.094 

.077 

.083 

.093 

.108 

.112 

.070 

.087 

.082 

.092 

.101 

.106 

.082 

.086 

.112 

.098 

.111 

.134 

.126 

.144 

Table  34. — Efficiency  of   dry  skimmilk   utilization,  first  year.* 


Per  Cent  Dry  Skiiviiviilk 


Age 


1.25 


2.5 


3.75 


5.0 


6.25 


7.5 


8.75 


Day- 
Day' 
Day- 
Day 
Diy 
Day 
Day 
Day 
Day 
Day 
Day 
Day 


old  to 
old  to 
old  to 
old  to 
old  to 
old  to 
old  to 
old  to 
old  to 
•old  to 
-old  to 
-old  to 


2 

4 
6 


weeks 
weeks 
weeks 
8  weeks 
10  weeks 
12  weeks 
14  weeks 
16  weeks 
18  weeks 
20  weeks 
22  weeks 
24  weeks 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.52 

1.12 

.74 

.45 

.75 

.83 

.59 

0 

.40 

.61 

.46 

.54 

.45 

.39 

1.85 

1.16   ► 

.92 

.66 

.50 

.51 

.49 

0 

.20 

.32 

.40 

.29 

.27 

.28 

0 

.31 

.39 

.10 

.25 

.24 

.27 

J20 

.14 

.17 

.11 

.18 

.17 

.07 

.09 

.08 

.17 

.09 

.02 

0 

.03 

.12 

.04 

.01 

M 

.04 

*  The  gain  of  the  no-milk  group  in  each  interval  was  used  as  the  base  value  for 
computing  the  excess  gain  of  each  of  the  remaining  seven  groups.  The  excess  gain 
divided  by  the  amount  of  dry  skimmilk  consumed  yielded  the  efficiency  value— the 
number  of  pounds  of  excess  gain  per  pound  of  dry  skimmilk.  Blank  spaces  indicate 
that  the  particular  groups  gained  less   during   those  periods  than  did  the  no-milk 


group. 


Table  35.— Efficiency  of  dry  skimmilk  utilization,  second  year. 


* 


Per  Cent  Dry  Skimmilk 


Age 


Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 


2 
4 
6 


weeks 
weeks 
weeks 
8  weeks 
10  weeks 
12  weeks 
14  weeks 
16  weeks 
18  weeks 
20  weeks 
22  weeks 
24  weeks 


1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.47 

.84 

.30 

.57 

.15 

.59 

.29 

.22 

.90 

.69 

.75 

.30 

.65 

.27 

.68 

.43 

.60 

.61 

.11 

.52 

1.27 

.85 

.33 

.63 

.60 

.10 

.52 

.72 

.82 

.33 

.50 

.53 

.05 

41 

.73 

.75 

.30 

.37 

.41 

.32 

.61 

.38 

.18 

.09 

.35 

.26 

.48 

.44 

.37 

.35 

.23 

.78 

.70 

.33 

.40 

.41 

.10 

.29 

M 

.50 

.27 

.29 

.28 

.04 

.23 

.07 

.24 

.15 

.18 

.21 

.01 

.20 

.14 

.38 

.21 

.25 

.30 

.09 

.29 

♦  See  note,  table  34. 


Table  33.— Efficiency  of  feed  utilization,  third  year 


* 


Age  in 
Weeks 


Per  Cent  Dry  Skimmilk 


Day-old  to 

2 

to 

4 

4 

to 

6 

6 

to 

8 

8 

to 

10 

10 

to 

12 

12 

to 

14 

14 

to 

16 

16 

to 

18 

18 

to 

20 

20 

to 

22 

22 

to 

24 

♦  Pounds  of  gain  per  pound  of  feed  consumed. 


None 

1.25 

2.5 

3.75 

5.0 

6.25 

7.5 

8.75 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.366 

.400 

.390 

.390 

.409 

.392 

.390 

.416 

.334 

.332 

.325 

.327 

.342 

.345 

.319 

.304 

.326 

.322 

.324 

.341 

.331 

.327 

.359 

.333 

.260 

.280 

.276 

.266 

.266 

.263 

.276 

.272 

.250 

.237 

.236 

.244 

.258 

.239 

.229 

.222 

.203 

.237 

.203 

.215 

.205 

.205 

.202 

.220 

.197 

.170 

.197 

.196 

.204 

.185 

.226 

.214 

.143 

.149 

.117 

.140 

.125 

.143 

.142 

.144 

.106 

.094 

.111 

.095 

.105 

.105 

.133 

.100 

.086 

.102 

.090 

.065 

.089 

.066 

.068 

.073 

.068 

.077 

.106 

.088 

.089 

.070 

.088 

.072 

.104 

.130 

.100 

.119 

.114 

.141 

.115 

.126 

Table  36.— Efficiency  of  dry  skimmilk  utilization,  third  year.' 


Per  Cent  Dry  Skimmilk 


Age 


Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
Day-old  to 
l3ay-old  to 
Day-old  to 
Day-old  to 
Oay-old  to 


2 
4 
6 


weeks 
weeks 
weeks 
8  weeks 
10  weeks 
12  weeks 
14  weeks 
16  weeks 
18  weeks 
20  weeks 
22  weeks 
24  weeks 


1.25 

lbs. 

2.85 

.96 

.46 

1.13 

1.08 

1.24 

.35 

.41 

.12 

.34 

.50 

.76 


2.5 


3.75 


5:0 


6.25 


7.5 


8.75 


lbs. 

1.39 
.82 
.97 

1.11 
.99 
.87 
.67 
.35 
.34 
.34 
.57 
.44 


lbs. 

.92 
.60 
.74 
.55 
.43 
.44 
.38 
.35 
.25 
.12 
.24 
.26 


lbs. 

.73 
.65 
.48 
.44 
.50 
.40 
.39 
.27 
.21 
.19 
.24 
.24 


lbs. 

.65 
.57 
.65 
.66 
.64 
.53 
.39 
.32 
.27 
.18 
.18 
.25 


lbs. 
.60 

.30 
.32 
.24 
.22 
.19 
.18 
.19 
.13 
.18 
.18 


lbs. 
.61 

.23 
.32 
.25 
.23 
.22 
.20 
.15 
.10 
.12 
.13 


•  See  note,  table  34. 
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Table  37.- 

-Per  cent  mortality. 

Age  in 

Per  Cent  Dry  Skimmilk 

Weeks 

None 

1.25 

2.5           3.75           5.0           6.25 

7.5 

8.75 

Growing  period,  first  year 

Day-old  to  12 
12  to  22 

3.3 
1.3 

2.1 

1.4 

1.7            2.3              .6            3.4 
4.1                             2.6 

.6 

2.7 

1.1 

Total* 

4.6 

3.5 

1.7            6.4              .6            6.0 

3.3 

1.1 

22  to  72* 

26.0 

22.0 

Laying  period,  first  year 
30.0          34.0          34.0          28.0 

32.0 

34.0 

Day-old  to  12 
12  to  22 

2.3 
4.9 

3.6 
3.6 

Growing  period,  second  year 
8.3            4.7            4.7            9.1 
2.5            3.6            1.3 

9.4 
1.3 

4.8 
1.2 

Total* 

7.2 

7.2 

10.8            8.3            6.0            9.1 

10.7 

6.0 

22  to  72t 

46.0 

60.0 

Laying  period,  second  year 
44.0           56.0           56.0           26.0 

32.0 

26.0 

Day-old  to  12 
12  to  22 

9.0 

3.8 

Growing  period,  third  year 

4.1  12.8            7.1            2.9 

1.2  1.2            2.4 

1.8 

6.8 

Total* 

9.0 

3.8 

5.3          12.8            8.3            5.3 

1.8 

6.8 

22  to  72* 

30.0 

44.0 

Laying  period,  third  year 
32.0           34.0           42.0          26.0 

32.0 

26.0 

*  Differences  not  significant. 
t  Differences  highly  significant. 


Table  38.— Shrinkage  in  weight  of  males  shipped  alive  to  market, 
first  year. 


Per  Cent  Dry  Skimmilk 

None          1.25 

2.5            3.75            5.0            6.25 

7.5 

8.75 

Single  Comb  White  Leghorn  males,  10  weeks  of  age 

Mean  body  weight 
in  pounds                                                                                     ^  „,          „  „„ 
when  shipped               2.17          2.15          2.23          2.20          2.25          2.23. 

Per  cent  shrink-                                                                          ^^  ^          ,„  ^ 
age  in  transit                15.7          13.0          11.7          12.3          12.4          13.5 

Barred  Plymouth  Rock  males,  12  weeks  of  age 
Mean  body  weight 
in  pounds                                                                                      ^  „^          „  „„ 
when  shipped               2.78          2.80          3.00          2.78          2.D0          2.73 

Per  cent  shrink- 
age in  transit                13.7            8.9          10.0            9.0            9.3            9.2 

2.20 
15.0 

2.85 
10.5 

2.23 
11.7 

2.90 
12.8 

Table  39.    Mean  biological  values  of  experimental  rations.f 

Per  Cent        Egg       p^p  cent  Dry  Skimmilk  in  Expekimental 

Ration 
7.5 

Trial             ^'rotein     i'rotein  ^ 

IN  Diet     Control  ^""^ 

1.25          2.5          3.75          5.0          6.25 

8.75 

1                    9                   94.9        74.4 

1  14.5                79.6        67.8 

2  9                   97.2        75.2 
2                  14.5                72.5        62.9 

Mean  at  9  per  cent 
level*                              96.1        74.8 

Mean  at  14.5  per  cent 
levelt                              76.1        65.4 

79.4        73.0        74.0        76.6        75.2 

66.3  62.8        67.0        68.2        69.6 
75.1         72.5        72.5        76.8        76.6 

62.4  58.9        60.4        63.3        64.4 

77.3        72.7        73.3        76.7        75.9 
64.3        60.8        63.7        65.7        66.9 

75.7 
65.4 
75.3 
58.0 

75.5 

61.7 

78.0 
64.0 
75.7 
58.4 

76.8 

61.2 

t  The  biological  value   is    the   percentage   of   the  protein  intake   that   is   actually 
utilized  by  the  animal.  .  .    „« 

•  Minimum  difference  between  means  to  be  significant:  3.0  per  cent. 
X  Minimum  difference  between  means  to  be  significant:  3.5  per  cent. 
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The  Disintegration  of  Erythrocytes  and  Denaturation  of 
Hemoglobin  by  High  Pressure, 

By  R.  B.  Dow,  A.M.,  Ph.D.,  and  J.  E.  Matthews,  Jr.,  A.B., 
Departments  of  Physics  and  Agricultural  and  Biological  Chemistry, 

The  Pennsylvania  State  College. 

[Plates  VIII.-X.] 

No  data  appear  in  the  literature  on  the  general  effects  of  high  hydro- 
static pressure  on  mammaUan  blood,  although  Bridgman  and  Conant  j 
have  reported  that  Dr.  A.  R.  Davis  observed  the  coagulation  of  blood  at 
high  pressure  several  years  prior  to  their  experiments  on  the  apparent 
denaturation  of  carboxy hemoglobin  at  pressures  of  9000  atmospheres. 

We  have  observed  recently  several  interesting  pressure  effects  in  bovine 
blood  which  have  not  been  reported  hitherto.  These  experiments  were 
performed  in  the  high  pressure  laboratory  of  the  Department  of  Physics 
with  apparatus  similar  to  that  of  Bridgman  and  Conant.  The  samples 
of  blood,  prepared  as  described  below,  were  subjected  to  constant  pressures 
that  ranged  from  3500  to  13,000  atmospheres  at  room -temperature 
which  varied  from  27°  to  29°  C.  Two  series  of  experiments  are  described 
and  the  results  briefly  summarized. 

I. 

Initial  tests  were  made  with  sterile  oxalated,  bovine  blood.  Five  to 
seven  c.c.  of  blood  were  introduced  into  a  glass  tube  by  evacuating  the  tube 
under  blood  within  a  bell-jar  and  then  admitting  air.  The  tube  was  then 
inverted  in  mercury  in  a  steel  cyhnder  and  the  assembly  placed  in  the 
testing  chamber  of  the  high  pressure  apparatus. 

A  tjrpical  experiment  was  one  run  at  3500  atmospheres  for  3  hours 
with  the  following  results  : — erythrocyte  count  decreased  from  7,300,000 
to  800,000,  and  leucocytes  decreased  from  6700  to  800  per  cu.  mm.,  both 
approximately  in  the  same  proportion  ;  both  types  of  cell  appeared 
distorted  in  a  microscopic  field  of  1000  a; ;  NaCl  crystals,  and  possibly 
crystals  of  other  salts,  were  clearly  visible  ;  oxygen  binding  capacity 
decreased  by  41  per  cent,  as  measured  by  the  Van  Slyke  method.  Pressure 
treatment  of  a  sample  for  1  hour  at  3500  atmospheres  gave  results  roughly 

t  P.  W.  Bridgman  and  J.  B.  Conant,  Proc.  N.A.S.  xv.  p.  680  (1929). 
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comparable  with  those  of  the  3  hour  exposure.     The  oxygen  binding 
capacity  in  this  case  decreased  by  16  per  cent. 

A  6  hour  exposure  at  3500  atmospheres,  as  well  as  a  Z\  hour  exposure 
at  13,000  atmospheres,  coagulated  the  samples  of  blood  into  reddish- 
brown  rubbery  masses.  Microscopic  examination  of  the  precipitate 
revealed  no  erythrocytes,  very  few  distorted  leucocytes,  no  crystaUiza- 
tion,  and  a  jelly-like  material  that  was  without  apparent  structure  but 
containing  dispersed  nuclei  from  leucocytes. 

11. 

The  second  series  of  tests  were  made  on  blood-cells  separated  from 
freshly  drawn  oxalated  bovine  blood  by  means  of  a  centrifuge,  and  with 
aqueous  solutions  of  hemoglobin  in  order  to  corroborate  the  results  of 
(I.)  under  more  simple  experimental  conditions.  The  aqueous  solutions 
contained  approximately  50  per  cent,  normal  concentration  of  hemo- 
globin. The  samples  in  these  tests  were  placed  in  paraffin-lined  steel 
tubes  without  filling  by  evacuation.  Paraffin-oil  was  used  to  separate 
the  pressure-transmitting  hquid  from  the  samples.  The  experiments 
were  conducted  at  constant  pressures  of  5000  atmospheres  for  intervals 
ranging  from  ^  to  2  hours. 

The  blood-cells  in  each  case  were  entirely  coagulated,  giving  a  material 
similar  to  that  observed  previously  (I.)  when  coagulation  was  obtained 
at  higher  pressures  and  for  longer  times.  Apparently  the  proteins  of 
the  red  cells,  due  either  to  their  higher  concentration  or  to  their  nature, 
were  more  easily  coagulated  than  the  proteins  of  the  plasma.  No  crystal- 
lization occurred  in  this  series  of  experiments. 

The  aqueous  solutions  of  hemoglobin  were  treated  with  the  same 
pressures  for  periods  of  2  and  4  hours  respectively.  .The  coagulation, 
while  not  complete,  was  similar  in  structure  to  that  observed  for  bovine 
blood.  It  appeared  similar  to  that  obtained  by  treating  control  solutions 
with  ethyl  alcohol  and  with  diethyl  ether.  Figs.  1,  2  (PI.  VIII.)  and  fig.  3 
(PI.  IX.)  are  photomicrographs  (1000  x)  of  blood-cells  exposed  at  5000 
atmospheres  for  \  hour,  aqueous  solution  of  hemoglobin  exposed  at  5000 
atmospheres  for  2  hours,  and  control  hemoglobin  solution  treated  with 
alcohol,  respectively.  Bridgman  and  Conant  believe  that  carboxyhemo- 
globin  is  *'  denatured  "  by  pressure  treatment  similar  to  the  denaturation 
obtained  by  the  action  of  alcohol  on  carboxyhemoglobin.  The  result 
of  our  experiments  lead  us  to  much  the  same  conclusion  for  the  effect 
of  pressure  on  hemoglobin. 

To  observe  the  effect  of  pressure  on  the  erythrocytes  more  clearly 
a  small  sample  of  blood-cells  was  suspended  in  Hayem's  solution  and 
then  subjected  to  pressure  treatment  of  5000  atmospheres  for  1  hour. 
Fig.  4  (PL  IX.)  and  fig.  5  (PL  X.)  are  photomicrographs  (lOOOx)  of  the 
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cells  before  and  after  pressure  treatment  respectively,  showing  the  drastic 
effects  of  pressure  treatment. 

In  summarizing  the  results  of  the  two  series  of  tests  it  is  interesting 
to  observe  that  crystallization  of  salt  occurred  when  the  coagulation  of 
protein  was  incomplete.  This  would  indicate  that  salts  were  being 
removed  from  solution  by  reacting  with  other  substances  present  under 
pressure,  and  agree  with  the  views  of  other  investigators  *  who  believe 
that  in  a  denaturation  process  the  denaturation  may  inhibit  crystallization. 

The  question  arises  whether  the  observed  disintegration  of  blood-cells 
is  due  to  the  mechanical  effects  of  pressure  or  chemical  effects  under 
pressure.  This  was  partly  explained  by  results  obtained  when  an  un- 
expected leak  developed  in  the  pressure  apparatus  during  one  of  the  tests. 
After  an  exposure  of  about  1  minute  at  2500  atmospheres  a  leak  in  pressure 
connexions  was  noticed,  and  in  an  attempt  to  maintain  the  pressure 
by  rapid  pumping  considerable  fluctuation  in  pressure  necessarily  occurred. 
Microscopic  examination  of  the  blood  then  showed  numerous  salt  crystals 
in  the  field  but  little  change  in  the  appearance  of  the  cells.  The  nuclei 
of  the  leucocytes  suffered  elongated  distortion.  This  test  indicated  to 
us  that  the  effects  of  pressure  change  were  not  primarily  mechanical  ones. 
While  the  cells  are  clearly  distorted  and  might  be  ruptured  by  quick 
release  of  pressure  it  is  not  hkely  that  the  pressures  that  we  used  could 
be  responsible  for  the  observed  disintegration  of  cells. 

As  mentioned  previously,  one  of  the  effects  of  pressure  seemed  to  be 
comparable  to  the  addition  of  an  OH  radical  to  the  hemoglobin.  This 
effect  may  involve  the  breaking  up  of  polypeptide  Hnkages  ^N  —  (OH)  C^ 
into  new  independent  groups,  ^NH,  OC^  possibly  accompanied  by 
hydration.  This  mechanism  of  denaturation  proposed  by  Wrinch  t  seems 
extremely  suggestive,  but  we  beheve  that  pressure  aids  the  disintegration 
rather  than  inhibits  it  as  Wrinch  predicts.  The  reaction  under  pressure 
appeared  to  be  a  reduction.  The  disintegration  of  erythrocytes  resulted 
from  this  reaction  rather  than  from  rupture  of  cell  structure.  The 
decrease  of  0^  binding  capacity  content  appears  to  be  governed  by  a 
first-order  reaction,  similar  to  the  observations  of  Bridgman  and  Conant 
on  CO. 

This  research  was  made  possible  by  the  co-operation  of  several  of  the 
senior  author's  colleagues.  Dr.  J.  F.  Shigley  generously  suppUed  samples 
of  bovine  blood.  Dr.  M.  L.  WiUard  loaned  the  camera  for  the  photo- 
micrographs, and  Dr.  A.  K.  Anderson  not  only  placed  his  equipment 
at  our  disposal  but  also  assisted  in  criticizing  the  manuscript. 

*  D.  M.  Wrinch,  Phil.  Mag.  xxv.  p.  706  (1938). 
t  Loc.  cit. 
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Erythrocytes  disintegrated  by  pressure 
treatment  of  5000  atmos.  for  1  hour. 
Magnification  1000  X . 


Reprinted  from  Science,  May  26,  1939,  Vol.  89, 
No.  2317,  pages  490-491. 


21)9 


NICOTINIC  ACID  IN  SWINE  NUTRITION 

In  November,  1938,  a  herd  of  pigs  in  northwestern 
Pennsylvania  was  reported  to  the  agricultural  exten- 
sion specialists  of  the  Pennsylvania  State  College  as 
being  sick  and  unthrifty.    These  pigs  were  farrowed  in 
September  and   weighed   from  twenty  to   forty-five 
pounds.    Out  of  a  total  of  seventy-six  pigs,  forty  had 
died  during  October  and  November.     The  surviving 
pigs  had  stopped  growing,  were  without  appetite  and 
were  affected  with  diarrhoea  and  a  dermatitis  on  the 
body  and  ears  which  had  the  appearance  of  a  heavy 
scurf.     This  condition  developed  while  the  pigs  were 
being  fed  a  ration  of  com,  oats,  wheat  middlings, 
tankage  (34  per  cent,  protein)  and  a  limited  amount 
of  skimmed  milk.     They  had  access  to  good  grass 
pasture  which  had  never  previously  been  used  for 

swine. 

At  the  time  the  case  was  reported  these  pigs  were 
accustomed  to  huddle  in  their  pens  rather  than  to  take 
advantage  of  the  available  pasture.  When  food  was 
placed  before  them  they  would  come  to  the  trough, 
eat  a  small  amount  and  refuse  the  remainder  of  the 

feed. 

The  condition  of  these  animals  baffled  the  local  and 
district  veterinarians  and  the  case  was  brought  to  the 
attention  of  the  college  swine  specialist.  It  was  then 
noted  that  the  symptoms  of  the  disorder  were  similar 
to  those  reported  by  Chick  and  co-workers,^  with  pigs 
suffering  from  nicotinic  acid  deficiency  on  a  diet  con- 
sisting  largely  of  maize.  As  a  result  of  this  observa- 
tion seven  pigs,  having  been  selected  as  being  in  the 
poorest  condition  of  any  in  the  herd,  were  given  50  mg 
daily  of  nicotinic  acid  mixed  in  a  minimum  amount  of 

1  Biochem.  Jour,,  32 :  10-12,  1938. 


feed  to  insure  its  complete  consumption.  Within 
twelve  days  a  marked  improvement  was  noted  in  these 
seven  pigs.  A  return  of  appetite  was  apparent  and 
increased  physical  activity  was  displayed,  the  pigs 
searching  for  food  and  having  every  indication  of 
return  to  normal  health.  The  dermatitis  disappeared 
from  the  ears  where  new  hair  began  to  grow  and  the 
scurf  on  the  back  was  lifted  by  the  growth  of  the  new 
hair. 

Nicotinic  acid  was  then  given  to  the  entire  herd  in  50 
mg  daily  amounts  mixed  in  the  feed,  and  complete 
recovery  was  made  by  all  the  pigs  as  noted  with  the 
previous  seven.  The  dramatic  response  to  nicotinic 
acid  treatment  is  similar  to  that  described  by  Chick. 
The  feeding  of  nicotinic  acid  was  continued  for  two 
weeks.  As  pasture  was  not  available  ground  alfalfa 
and  cod  liver  oil  were  then  included  in  the  ration. 

Within  six  weeks  the  entire  herd  had  completely 
recovered,  growth  having  been  resumed  and  the  entire 
lot  of  pigs  appearing  to  be  normal. 

This  is  believed  to  be  the  first  time  that  a  nutri- 
tional disorder  simulating  swine  pellagra  has  been 
reported  as  occurring  under  conditions  of  agricultural 
practice.  The  effectiveness  of  the  administration  of 
nicotinic  acid  in  alleviating  the  condition  adds  further 
proof  as  to  its  identity.  It  is  not  believed  that  this 
condition  occurs  in  practice  to  any  great  extent,  espe- 
cially as  affecting  entire  herds  as  in  this  case.  How- 
ever, individual  pigs  are  sometimes  seen  whose  condi- 
tion resembles  that  described  above. 


L.  C.  Madison 
R.  C.  Miller 
T.  B.  Keith 


Pennsylvania  State  College 


Reprinted  from  Science,  June  16,  1939,  Vol   89 
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BACTERIAL  LEAF-SPOT  DISEASESi 

An  investigation  has  been  made  of  the  leaf -spot  of 
Pennsylvania  cigar-leaf  tobacco,  commonly  known  as 
"wildfire."  Evidence  obtained  in  these  laboratories 
indicates  that  the  organism  associated  with  the  leaf- 
spot,  Phytomonas  tabaca,  is  a  transitory  physiological 
adaptation  of  the  common  saprophyte,  Pseudomonas 
fluorescens.  This  organism,  in  various  physiological 
adaptations,  is  found  in  large  numbers  on  normal 
tobacco.  It  is  apparent  from  the  data  obtained  in 
these  investigations  that  all  Pennsylvania  cigar-leaf 
tobacco  is  exposed  to  this  organism  throughout  the 
growing  and  ripening  period  and  that  infection  in  the 
field  is  due  not  to  the  mere  presence  of  the  organism, 
which  is  ubiquitous,  but  to  improper  host  nutrition. 

Single  cell  isolations  of  various  adaptations  of  the 
organism  have  been  the  subject  of  physiological  and 
serological  studies.  The  particular  adaptation,  or 
what  might  be  termed  by  the  plant  pathologist  "rela- 
tive virulence"  has  been  found  to  vary  greatly  accord- 
ing to  the  source  of  the  isolation.  Distinct  physiologi- 
cal characteristics  have  been  found  to  be  typical  of 
these  various  isolates.  Rapid  changes  may  be  made  in 
the  laboratory  at  will,  both  in  the  direction  of  increased 
and  decreased  virulence.  Serologically,  it  appears  that 
the  "virulence"  of  the  organism  is  associated  with  the 
specific  nature  and  amount  of  the  capsular  material 
of  the  cell.  Although  the  particular  adaptation  of  the 
organism  is  probably  related  to  severity  and  rapid 
spread  of  infection  in  those  cases  in  which  the  tobacco 
plant  is  suffering  from  improper  nutrition,  the  evi- 
dence indicates  on  the  other  hand  that  the  most  "viru- 

1  Authorized  for  publication  on  March  27,  1939,  as 
paper  No.  898  in  the  journal  series  of  the  Pennsylvania 
Agricultural  Experiment  Station. 


lent"  adaptations  of  the  organism  are  unable  to  cause 
economic  loss  in  those  cases  in  which  the  nutrition  of 
the  plant  is  satisfactory,  other  things  being  equal. 

The  normal  tobacco  plant  of  the  cigar-filler  type  is 
very  resistant  to  infection  of  economic  severity  during 
the  growing  season.  Leaves  of  such  a  plant  ordinarily 
contain  at  maturity  between  3  and  4  per  cent,  nitrogen 
and  between  4  and  5  per  cent,  potassium.  Changing 
agricultural  practices  of  the  past  quarter  century  have 
resulted  in  the  general  production  of  an  abnormal 
tobacco  from  the  standpoint  of  nitrogen  and  potassium 

content. 

Investigations  have  shown  that,  contrary  to  the 
opinions  expressed  in  publications  by  other  workers, 
it  is  not  the  exact  nitrogen  level  within  reasonable 
limits  that  is  important  but  the  ratio  of  nitrogen  to 
certain  minerals  within  the  plant  and,  of  extreme  im- 
portance, the  stage  in  which  high  nitrogen  uptake 
occurs. 

Any  condition  which  leads  to  the  accumulation  in 
the  plant  of  a  greater  quantity  of  nitrogen  than  potas- 
siimi  results  in  poor  quality  and  susceptibility  to 
leaf  spot  troubles.  It  is  not  to  be  inferred  from  this 
that  potassium  is  the  only  other  element  which  must 
be  available  to  the  plant  in  order  to  insure  quality 
and  disease  resistance.  Potassium  is,  however,  the 
element  needed  in  greatest  amount  and  apparently 
most  frequently  deficient  in  the  Pennsylvania  area. 

It  is  not  during  the  period  of  active  growth  but 
during  the  period  of  ripening  that  faulty  agricultural 
practices  may  lead  to  the  greatest  susceptibility  to 
leaf-spot.  Our  investigations  have  shown  that,  re- 
gardless of  the  nutrition  of  the  plant  prior  to  this 
period,  the  uptake  of  significant  quantities  of  nitrogen 
during  the  ripening  period  results  in  an  appreciable 
lowering  of  the  normal  resistance  of  the  plant  to  wild- 
fire. In  Pennsylvania  certain  practices  are  necessary 
which    accentuate    the    abnormal    condition    brought 


about  by  significant  nitrogen  uptake  during  ripening 
and  greatly  increase  the  susceptibility  of  those  plants 
taking  up  large  quantities  of  nitrogen  during  the 
ripening  period.  These  include  "topping"  and  "suck- 
ering"  which  take  from  the  plant  the  possibility  of 
utilizing  large  amounts  of  nitrogen  at  this  period  in 
the  proliferation  of  new  tissue.  It  is  significant  that 
wildfire  was  not  a  problem  in  Pennsylvania  a  number 
of  years  ago  when  agricultural  practice  precluded  the 
possibility  of  any  appreciable  ammonification  and 
nitrification  at  the  ripening  period. 

Practices  in  Pennsylvania  which  have  been  found 
to  be  largely  responsible  for  the  severity  of  leaf -spot 
infections  are,  in  the  order  of  their  importance:  (1) 
the  incorporation  of  large  quantities  of  organic  nitro- 
gen in  the  tobacco  soils,  a  portion  of  which  in  some 
seasons  may  remain  to  be  ammonified  during  the 
ripening  period;  (2)  the  use  of  too  much  nitrogen 
and  insufficient  potash  in  the  fertilization  treatment; 
(3)  the  use  of  excessive  amounts  of  lime,  which  inter- 
feres with  the  normal  potassium  uptake  of  the  plant; 
and  (4)  in  some  cases  poor  tilth,  which  also  interferes 
with  mineral  uptake. 

Practices  tending  to  produce  a  normal  resistant  plant 
of  high  quality  and  good  yield  are  as  follows:  (1)  the 
use  of  another  crop  such  as  corn  between  clover  and 
tobacco  in  the  rotation  to  reduce  the  amount  of  organic 
nitrogen  in  the  soil;  (2)  preliminary  rotting  of  all 
manure  used  on  tobacco  in  order  to  avoid  the  risk  of 
adding  large  quantities  of  available  energy  to  the  soil ; 

(3)  the  use  of  liberal  applications  of  well-rotted 
manure  to  improve  tilth  and  aid  potassium  uptake; 

(4)  the  use  of  suitable  applications  of  a  well-balanced 
fertilizer  in  which  the  amount  of  organic  nitrogen  is 
less  than  the  amount  of  inorganic  nitrogen;  and  (5) 
suitable  cultivation  to  insure  maximum  uptake  of 
potassium  and  other  essential  nutrient  materials. 

In  the  course  of  these  investigations  it  was  consid- 
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ered  advisable  to  study  physiologically  and  serologi- 
cally several  other  members  of  the  genus  Phytomonas, 
associated  with  leaf-spots.    The  data  obtained  indicate 
that  other  members  of  this  genus  studied  are  merely 
temporary  physiological  adaptations  of  Pseudomonas 
fluorescens.    A  brief  study  of  predisposing  factors  lu 
these  diseases  further  emphasizes  the  similarity  of  bac- 
terial leaf -spot  diseases  and  the  relation  of  the  patho- 
logical   condition    to   the   improper    nitrogen-mineral 
nutrition  of  the  host.    The  results  of  these  mvestiga- 
tions  will  be  published  in  detail  in  a  BuUetm  of  the 
Pennsylvania  Agricultural  Experiment  Station. 

J.  J.  Reid 
M.  A.  Fareeli. 
D.  E.  Haley 
The  Pennsylvania  State  College 


Heprinted  from  Journal  of  Bacteriology 
Vol.  38,  No.  2,  August,  1939 
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Annual  Spring  Meeting,  The  Gilliland  Laboratories,  Marietta,  Pa., 

May  13,  1939 


Plant  Nutrition  and  Disease  Re- 
sistance. J.  Naghski,  R.  G.  Harris, 
D.  E.  Haley  and  J.  J.  Reid,  The 
Pennsylvania  Agricultural  Experi- 
ment Station. 


A  study  has  been  made  of  the  rela- 
tion between  variations  in  the  nitrogen 
/mineral  uptake  of  plants  and  varia- 
tions in  resistance  to  disease.  It  has 
been  a  common  assumption  that,  other 


things  being  equal,  the  higher  the  ni- 
trogen level  of  the  plant,  the  greater 
the  susceptibility  of  the  plant  to  dis- 
ease. Data  obtained  by  the  authors 
indicates  that  this  is  not  the  true  rela- 
tion between  nitrogen  uptake  and 
disease  susceptibility. 

The  results  indicate  that  it  is  not  a 
question  of  how  much  nitrogen  a  plant 
absorbs  within  reasonable  limits,  that 
determines  susceptibility,  but  the  stage 
in  the  life  of  the  plant  when  significant 
quantities  of  nitrogen  are  absorbed. 

Tobacco  plants  grown  with  adequate 
mineral  fertilization  may  mature  with 
a  nitrogen  content  in  excess  of  four  per 
cent  and  show  no  significant  loss  in  re- 
sistance to  leafspot  diseases  if  the 
nitrogen  is  supplied  without  material 
fluctuations  during  the  stage  of  active 
growth.  On  the  other  hand  it  has  been 
found  that  tobacco  plants  may  show 
extreme  susceptibility  to  leafspot  dis- 
eases with  a  nitrogen  content  of  less 
than  two  per  cent,  if  the  nitrogen  is 
supplied  erratically  with  significant 
amounts  available  during  the  ripening 
stage. 

It  is  considered  inadvisable,  there- 
fore, to  employ  fresh  animal  manure, 
old  legume  residues  and  other  sources 
of  nitrogen  which  may  provide  a  fluc- 
tuating and  late  supply  of  this  element 
in  the  fertilization  of  tobacco  and  other 
short  season  crops. 

Dissimilation  of  Glucose  by  Mem- 
bers OF  THE  Genus  Bacillus.    F.  H. 
Gallagher    and    R,    W.    Stone,    The 
Pennsylvania  State  College. 
Studies  were  made  of  the  dissimila- 
tion  of   glucose   by  Bacillus  suhtilis, 
Bacillus    mesentericusy    and    Bacillus 
vulgatus.    All    species    showed    phos- 
phorylation in  the  early  stages  of  fer- 
mentation.    Analysis  of  the  fermenta- 
tion showed  the  presence  of  acetic  acid, 
butyric    acid,    ethyl    alcohol,    acetyl 


methyl  carbinol,  and  carbon-dioxide, 
in  all  cases.  These  compounds  were 
determined  quantitatively. 

With  M/50  sodium  fluoride  Bacillus 
subtilis  showed  a  higher  yield  of  acetic 
acid  than  that  obtained  in  the  control. 
With  M/25  sodium  fluoride  there  was  a 
further  increase  in  the  amount  of  acetic 
acid  formed,  and  a  decrease  in  acetyl- 
methylcarbinol  production.  Bacillus 
vulgatus,  in  the  presence  of  M/lOO  and 
M/60  sodium  fluoride,  and  Bacillus 
mesentericus,  in  the  presence  of  M/50 
sodium  fluoride,  gave  similar  results. 

All  three  species  gave  comparative 
results  as  to  phosphorylation,  types  of 
end  products,  and  amounts  of  these 
products. 

The  Photolometbr  and  Its  Use  for 
THE  Quantitative  Determination 
OF  Nitrogen.  Paul  E.  Partner, 
Gilliland  Laboratories,  Inc. 

Microorganisms  Attacking  Medium 
Weight  Lubricating. Oils.  A.  G. 
C.  White  and  R.  W.  Stone,  The 
Pennsylvania  State  College. 

The  Relation  of  the  Soluble  Spe- 
cific Substance  to  Virulence  and 
Specificity  in  Bacterial  Leafspot 
Organisms.  R.  G.  Harris,  J.  Nagh- 
ski,  M.  A.  Farrell  and  J.  J.  Reid,  The 
Pennsylvania  Agricultural  Experi- 
ment Station. 

Laboratory  animals  have  been  im- 
munized by  the  authors  with  cultures 
of  Pseudomonas  fluorescens  and  the  cul- 
tures then  cultivated  in  the  presence  of 
the  homologous  antiserum  until  "R" 
forms  were  secured.  Animals  were 
then  immunized  with  the  *'R"  forms 
and  the  "R"  cultures  were  cultivated 
in  the  presence  of  the  homologous  anti- 
serum and  killed  cells  of  Phytomonas 
tahaci.  "S"  forms  were  obtained  in 
this  manner  which  proved  to  be  cul- 
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PROCEEDINGS   OF   LOCAL   BRANCHES 


turally  and  serologically  identical  with 
strains  of  Phyt.  tahaci.  Studies  of  in- 
fective ability  showed  these  ^'S"  forms 
to  be  identical  with  Phyt.  tahaci  in  the 
nature  of  the  lesion  produced  on  the 

tobacco  plant. 

In  a  similar  manner  *'R"  forms  of 
Phyt.  tahaci  were  secured  and  culti- 
vated in  the  presence  of  the  homolo- 
gous antiserum  and  killed  cells  of  Ps. 
fluorescens.    The  **S"  forms  produced 
in  this  manner  were   culturally   and 
serologically  identical  with  the  strains 
of  Ps.  fluorescens  which  had  been  killed 
and    used    in    the    culture    medium. 
These  **S"  forms  were  unable  to  pro- 
duce wildfire  as  proved  by  infective 

studies. 

Agglutinin  absorption  studies 
showed  the  *'R"  strains  produced  from 
Ps.  fluorescens  and  Phyt.  tahaci  to  be 
serologically  identical. 

Work  with  several  other  members  of 
the  genus  Phytomonas,  including  Phyt. 
angulata,  Phyt.  cerasi,  Phyt.  primulae, 
and  Phyt.  vignae,  showed  the  same  re- 
lationship to  exist  between  these  or- 
ganisms and  Ps.  fluorescens. 

It  is  concluded  that  specificity  and 
virulence  are  associated  with  the  na- 


ture of  the  soluble  specific  substance  in 
this  group  of  organisms. 

Some  Effects  of  Sulfapyridine  on 
Pneumococcus  Type  I.  Roger  D. 
Reid,  Laboratories  of  Bacteriology, 
Johns  Hopkins  Medical  School, 
Baltimore. 

In  vitro  and  in  vivo  experiments  with 
the  pneumococcus  Type  I  in  the  pres- 
ence of  sulfapyridine  indicated  that  the 
drug  had  mo  appreciable  effect  on  the 
phagocytosis  of  pneumococci.    There 
were  no  changes  in  morphology  or  so- 
matic elements  of  the  cell  observed. 
No  dissociation  or  changes  in  colony 
appearance  were  detected  after  grow- 
ing the  organisms  in  the  presence  of  10 
mgm.  %  of  the  drug  or  when  the  drug 
was  added  to  the  medium  used  for  plat- 
ing the  organisms.     The  drug  did  not 
affect  the  capsule  either  in  vivo  or  in 
vitro  and  the  *^quellung"  reaction  was 
not  interfered  with. 

A  bacteriostatic  and  slight  bacteri- 
cidal effect  was  noted  and  it  is  presumed 
that  the  bacteriostatic  action  is  re- 
sponsible for  the  beneficial  effects  of 
the  drug  in  pneumococcus  infection. 


FREE  CIILORTNE  AS  A  SOURCE  OF  ERROR  IX  BLOOD  SUGAR 

DETERMINATIONS* 


Arthttr  K.  Anderson,  Ph.D.,  and  Isadore  Zipkin,  B.A.,  State  College,  Pa. 


RECENTLY  we  have  experienced  a  difficulty  in  determinint>'  blood  sn<>ar  by 
the  Folin  and  Wu^  method  which  we  feel  should  be  called  to  the  attention 
of  those  working  with  this  or  similar  methods.  The  difficulty  was  a  rapid 
fading  of  the  blue  color  upon  dilution  with  water  before  making  the  color- 
imeter reading.  Within  five  minutes  the  solution  became  colorless.  Fading 
occurred  even  when  a  freshly  prepared  1 :4  dilution  of  acid  molybdate  solution 
was  used  as  the  diluting  agent.  After  considerable  search  for  the  difficulty, 
it  was  finally  found  that  the  fading  was  due  to  the  reoxidation  of  the  blue 
compound  to  a  colorless  compound  by  free  chlorine  in  the  distilled  water.  The 
distilled  water  used  was  found  to  contain  0.2  part  per  million  of  free  chlorine, 
as  measured  by  the  ortho-tolidine  method.'^  Another  source  of  distilled  water 
was  found  to  contain  0.1  part  per  million  of  free  chlorine.  This  water  did  not 
cause  complete  fading,  but  fading  was  noticeable.  When  chlorine-free  water 
was  used,  no  fading  was  noted,  the  solutions  retaining  their  blue  color  over- 
night. 

It  is  felt  that  wherever  clilorinated  water  is  used  in  the  preparation  of 
distilled  water,  the  danger  of  free  chlorine  distilling  over  is  eminent.  This  is 
especially   true   where   adequate   control    of   the   chlorination   process   is   not 

maintained. 

Although  the  eflPect  of  free  chlorine  has  been  noted  only  in  connection 
with  the  Folin  and  Wu  method  for  determining  blood  sugar,  it  is  felt  that  it 
would  interfere  with  other  similar  methods  for  sugar  and  also  with  any  other 
method  where  color  is  the  result  of  a  reduction  process. 
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Table  I.    Copper  Present  in  Ai 
AS  Determined  by  Elect 


Type 
of  Leaf 


Treatment 


2 1  ( 


Agricul 

DURING  the  past  few  years  it  has 
the  author  to  make  a  large  number  ( 
tions  on  various  surfaces  sprayed  with  cop 
surfaces  upon  which  the  copper  was  de 
leaves  and  fruits  of  apples,  cherries,  and  ^ 
tain  synthetic  surfaces,  particularly  Pt 
present  being  used  in  this  laboratory  for  a 
on  the  deposition  and  retention  of  spray|. 
A  number  of  methods  have  been  in\| 
have  been  selected  as  the  most  satisfactoip 
conditions.  Since  an  increasing  numbe"^ 
fields  of  insecticides  and  fungicides  are  tu 
to  the  copper  compounds,  and  since  fe 
the  determination  of  the  small  amount 
upon  plant  surfaces  have  been  described 
following  two  methods  are  presented 
modifications  of  well-kjQown  analytical  ] 
been  used  with  complete  success  in  this 
time. 

Method  A 

When  copper  is  present  in  the  sample 
than  2  mg.,  the  most  accurate  and  conve 
termination  is  by  direct  weighing  after 
platinum  electrodes.  The  determination 
(under  50  mg.)  is  considerably  more  diffi 
the  ordinary  electrodeposition  as  followec 
per  ores  or  alloys.  The  procedure  fou 
leaf  samples  which  have  received  one  or  r 
copper  sprays  is  as  follows: 

A  sample  of  from  2  to  20  grams  of  the  di 


Apple  1  application  of  Cui(P04)j 

1  application  of  Cupro-K 

2  applications  of  copper  ars 
Cherry          1  application  of  Cui(P04)i 

2  applications  of  basic  copp 


Table  II.    Recovery  op  Added  ( 

Wash  Solut: 

Copper  Added 
Mg. 

,    •     '                   0.050  0 

0.075  0 

0.100  0 

0.160  0 


suits  is  shown  in  Table  II.  Each  fi 
plicate  determinations.  Replicat* 
agree  within  2  microamperes  (abou 
If  a  photoelectric  colorimeter  is  r 
solutions  may  be  compared  with  s 
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Determination  of  Small  Amounts  of  Copper 

in  Spray  Residues 


D.  E.  H.  FREAR 

Agricultural  Experiment  Station,  State  College,  Penna. 


DURING  the  past  few  years  it  has  been  necessary  for 
the  author  to  make  a  large  number  of  copper  determina- 
tions on  various  surfaces  sprayed  with  copper  fungicides.  The 
surfaces  upon  which  the  copper  was  deposited  included  the 
leaves  and  fruits  of  apples,  cherries,  and  tomatoes,  and  cer- 
tain synthetic  surfaces,  particularly  Pyralin,  which  is  at 
present  being  used  in  this  laboratory  for  most  of  the  studies 
on  the  deposition  and  retention  of  sprays. 

A  number  of  methods  have  been  investigated,  and  two 
have  been  selected  as  the  most  satisfactory  under  the  present 
conditions.  Since  an  increasing  number  of  workers  in  the 
fields  of  insecticides  and  fungicides  are  turning  their  attention 
to  the  copper  compounds,  and  since  few  rapid  methods  for 
the  determination  of  the  small  amounts  of  copper  present 
upon  plant  surfaces  have  been  described  in  the  literature,  the 
following  two  methods  are  presented  briefly.  These  are 
modifications  of  well-known  analytical  procedures  and  have 
been  used  with  complete  success  in  this  laboratory  for  some 
time. 

Method  A 

When  copper  is  present  in  the  sample  in  amounts  greater 
than  2  mg.,  the  most  accurate  and  convenient  method  of  de- 
tern^ination  is  by  direct  weighing  after  electrodeposition  on 
platinum  electrodes.  The  determination  of  small  quantities 
(under  50  mg.)  is  considerably  more  difficult,  however,  than 
the  ordinary  electrodeposition  as  followed  in  the  case  of  cop- 
per ores  or  alloys.  The  procedure  found  satisfactory  for 
leaf  samples  which  have  received  one  or  more  appUcations  of 
copper  sprays  is  as  follows: 

A  sample  of  from  2  to  20  grams  of  the  dried  material  is  ashed 
at  a  temperature  not  exceeding  450°  C.  The  ash  is  dissolved  in 
nitric  acid  (1  to  1)  and  transferred  to  a  150-ml.  beaker.  To  this 
solution  are  added  10  ml.  of  a  saturated  solution  of  ammonium 
nitrate  and  1  gram  of  urea,  and  the  volume  is  made  up  to  about 
100  ml.  The  electrolysis  is  then  carried  out  in  the  usual  manner, 
using  a  platinum  gauze  cathode  and  a  rotating  platinum  loop 
anode.  The  current  between  the  electrodes  must  be  much  lower 
than  is  usually  recommended  in  the  methods  for  the  electrolytic 
deposition  of  copper  described  in  the  literature,  and  should  not 
exceed  0.15  ampere.  Currents  in  excess  of  this  amount  will  cause 
the  deposition  of  copper  oxide.  The  time  required  for  complete 
deposition  is  a  function  of  the  quantity  present,  but  for  the 
amounts  normally  present  on  leaf  samples  15  minutes  is  usually 
sufficient. 

Typical  results  on  different  types  of  leaf  material  are  shown 
in  Table  I. 

Method  B 

When  the  total  quantity  of  copper  in  the  sample  is  less  than 
2  mg.,  it  is  usually  not  possible  to  weigh  the  metal  directly 
with  sufficient  accuracy.  Samples  of  fruits  and  small  areas 
of  synthetic  surfaces  sprayed  in  the  laboratory  usually  bear 
less  than  1  mg.,  and  hence  require  a  method  of  analysis  sen- 
sitive to  smaller  amounts. 

After  thorough  trials  of  several  methods,  including  the 
chromotropic  reagent  method  of  Ansbacher,  Remington,  and 
Gulp  (1),  the  xanthate  method  (7),  and  the  thiocyanate 
method  of  Elvehjem  and  Lindow  U),  the  method  of  CaUan 
and  Henderson  (2)  as  modified  by  Cockburn  and  Herd  (5) 
was  selected  as  most  adaptable  to  the  present  use. 


The  method  as  finally  adopted  in  this  laboratory  is  as 
follows: 

The  solution  containing  the  copper  is  freed  from  organic  mat- 
ter, if  the  latter  is  present,  by  digestion  with  sidfuric  and  nitric 
acids.  For  routine  analysis  of  fruits,  it  has  been  customary  to 
wash  the  surfaces  thoroughly  in  hot  10  per  cent  nitric  acid  solu- 
tion, making  the  washings  to  volume  and  digesting  an  aliquot 
portion.  The  laboratory  sprayed  plates  are  washed  in  50  per 
cent  nitric  acid  and  the  wash  solution  is  concentrated,  made  to 
volume,  and  used  without  digestion. 

The  solution,  free  from  organic  matter,  is  neutralized  with  con- 
centrated ammonium  hydroxide,  and  about  10  ml.  are  added 
in  excess.  This  mixture  is  then  boiled  for  a  few  minutes,  allowed 
to  stand  for  30  minutes,  filtered  through  a  fast  filter  paper,  and 
washed.  The  entire  filtrate,  or  an  aliquot  of  it,  is  transferred  to  a 
Nessler  tube,  25  ml.  of  concentrated  ammonimn  hydroxide  are 
added,  and  it  is  made  to  a  volume  of  100  ml.  The  tube  is  then 
placed  in  a  photoelectric  colorimeter  of  the  type  described  by 
Frear  and  Haley  (5)  or  Samuel  and  Shockey  (ff),  the  light  in- 
tensity is  adjusted  to  the  maximum,  1  ml.  of  a  1  per  cent  solution 
of  sodium  diethyl  dithiocarbamate  is  added,  the  solution  is 
stirred,  and  a  second  reading  is  taken.  By  calibrating  the  in- 
strument with  known  amounts  of  copper,  the  reading  in  micro- 
amperes may  be  converted  directly  into  milligrams  of  copper.  A 
typical  calibration  curve  is  shown  in  Figure  1. 

Accuracy  of  Method  B 

For  the  greatest  accuracy,  a  sample  should  be  selected 
which  contains  between  0.05  and  0.15  mg.  of  copper.  Num- 
erous recovery  tests  have  been  run  with  apple  wash  solutions 
containing  no  copper,  to  which  have  been  added  known 
amounts  of  copper  as  copper  sulfate.    A  typical  set  of  re- 
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Table  I     Copper  Present  in  Apple  and  Cherry  Leaves 
Is  Determined  by  ^.lectrolytic  Method 


Type 
of  Leaf 


Apple 
Cherry 


Treatment 


1  application  of  Cu3(l''><}» 

1  application  of  Cupr  -K 

2  applications  of  coppor  arsenate 

1  application  of  Cui(r04)i 

2  applications  of  basic  copper  sulfate 


Copper  Present 
A  B 

Mg./ag.  m. 


27.92 
23.08 
65.31 
101.55 
26.82 


27.57 
23.43 
64.48 
99.94 
25.21 


Table  II     Recovery  of  Added  Copper  Sulfate  to  Apple 

Wash  Solutions 


Copper  Added 

Mo. 

0.050 
0.075 
0.100 
0.150 


Copper  Recovered 
Mg.  % 


0.050 
0.O76 
0.098 
0.142 


100 

101 

98 


suits  is  shown  in  Table  11.  Each  figure  is  the  average  of  du- 
phcate  determinations.  Rephcate  determinations  usually 
agree  within  2  microamperes  (about  0.003  mg.). 

If  a  photoelectric  colorimeter  is  not  available,  the  unknown 
solutions  may  be  compared  with  standards  in  a  colorimeter. 
In  this  case  the  color  should  be  developed  in  both  standards 
and  unknowns  at  the  same  time,  since  the  abiUty  of  the  col- 
ored solution  to  transmit  light  decreases  slightly  on  standing. 


When  using  solutions  in  which  no  organic  matter  is  present, 
such  as  the  washings  from  the  plates  sprayed  in  the  laboratory, 
the  procedure  may  be  shnplified  for  the  sake  of  rapidity  by  the 
elimination  of  the  filtration,  if  the  standardization  is  carried 
out  under  the  same  conditions. 

Summary 

Two  methods  are  presented  for  the  rapid  detenu ination  of 
copper  on  surfaces  sprayed  with  insecticide  or  fungicide  mix- 
tures containing  this  element.  The  first  method,  for  quan- 
tities greater  than  2  mg.,  is  a  modification  of  the  usual  pro- 
cedure of  weighing  the  metal  directly  after  electrodeposition. 
The  second  method,  for  smaller  quantities  of  copper,  is  based 
on  the  photoelectric  measurement  of  the  color  produced  by 
sodium  diethyl  dithiocarbamate. 
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THE  IMPORTANCE  OF  STANDARDIZED  PROCEDURES  IN 

DILUTING  LIQUID  LIME  SULPHURS 

H.     W.     Thurston,    Jr.    and    Donald    E.    H.    Frear 

(Accepted  for  publication  June  20,  1939) 

In  the  use  of  any  fungicide  so  complex  and  variable  in  its  composition 
as  liquid  lime  sulphur,  it  is  difficult  at  best  for  the  user  to  be  sure  of  either 
the  fungicidal  value  or  *  *  phytocidaP '  properties  of  recommended  dilutions. 
It  has  been  the  custom  in  this  country  to  consider  either  the  specific  gravity 
or  Beaume  test  of  the  concentrate  as  providing  a  reliable  index  to  the  amount 
of  active  fungicidal  ingredients  present.  Since,  however,  the  value  of  lime 
sulphur  probably  depends  solely  on  the  amount  of  calcium  polysulphides 
present,  while  the  specific-gravity  reading  is  a  function  of  the  total  solids  in 
solution,  it  would  seem  more  logical  to  base  dilutions  on  the  guaranteed  poly- 
sulphide  sulphur  content,  as  is  done  in  England,  than  upon  a  specific-gravity 
or  Beaume  reading.  Safro,^  in  1913,  was  one  of  the  first  of  many  who  have 
pointed  out  the  inadequacy  of  the  Beaume  test  as  a  standard  for  dilution. 

The  writers  have  recently  had  occasion  to  analyze  30  samples  of  lime- 
sulphur  concentrate,  representing  8  different  commercial  brands,  and  5 
sources  of  home-boiled  concentrate.^ 

These  samples  are  believed  to  represent  a  fair  cross  section  of  the  ma- 
terial available  to  Pennsylvania  fruit  growers,  and,  in  all  probability,  of  the 
country  at  large. 

The  analyses  are  presented  in  table  1,  and  reveal  several  facts  of  consid- 
erable practical  importance.  It  will  be  noted  that  there  is  not  a  little  varia- 
tion in  both  the  specific  gravity  and  the  polysulphide  content,  the  former 
varying  from  1.182  to  1.293  (22.33°  to  32.86°  Beaume)  and  the  latter  from 
10.90  per  cent  to  25.94  per  cent.  When  these  data  were  analyzed  statistically 
there  was  found  a  correlation  coefficient  of  0.919  between  specific  gravity  and 
polysulphide  content,  indicating  that  specific  gravity  is,  after  all,  a  fairly 
reliable  index  of  fungicidal  value. 

Taking  as  an  example  the  highest  (sample  24)  and  the  lowest  (sample  2) 
figures  for  specific  gravity,  and  assuming  that  both  samples  are  diluted  1-75, 
the  diluted  spray  made  from  sample  2  would  contain  0.171  per  cent  poly- 
sulphide sulphur,  while  a  similar  dilution  of  sample  24  would  contain  0.445 
per  cent ;  more  than  2 J  times  as  much.  In  other  words,  to  get  the  same  final 
concentration  of  the  active  ingredients  in  the  diluted  spray,  the  user  would 
require  more  than  2^  times  as  much  of  the  original  lime-sulphur  concentrate 
represented  by  sample  2  as  would  be  used  if  sample  24  were  diluted. 

It  should  be  pointed  out,  on  the  other  hand,  that  if  the  procedure  of 

1  Authorized  for  publication  on  August  2,  1939  as  paper  No.  919  in  the  Journal  Series 
of  the  Pennsylvania  Agricultural  Experiment  Station.  t,       -p  n    o      iqiq 

2  Safro    V    I.,  An  investigation  of  lime  sulphur  injury.     Oreg.  Res.  Bull.  J.     lyi^. 

3  Acknowledgment  of  their  help  in  collecting  the  samples  and  in  carrying  through 
most  of  the  analyses  is  made  to  the  members  of  the  Extension  staff  m  Plant  Pathology  at 
the  Pennsylvania  State  College,  and  to  Mr.  James  M.  Stewart,  respectively. 
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TABLE  1. — Analysis   and   source   of   lime-sulphur   samples   arranged   in    order   of 
specific  gravity 


Sample 

Specific 

Polysulpliide 

Thiosulphate 

Source 

number 

gravity 

sulphur 

sulphur 

24   

1.293 

25.94 

1.47 

Home-boiled 

9   

1.283 

23.68 

2.56 

Brand  D 

23   

1.279 

24.79 

1.55 

Brand  E 

4   

1.279 

22.73 

4.19 

Brand  B 

12   

1.278 

24.17 

1.93 

Brand  B 

28    

1.278 

23.13 

2.09 

Brand  E 

16   

1.278 

22.92 

1.71 

Brand  E 

29   

1.272 

22.91 

1.71 

Brand  G 

27    

1.272 

22.82 

1.78 

Brand  F 

26  

1.270 

22.95 

1.86 

Brand  E 

21  

1.270 

22.80 

2.17 

Unknowna 

7   

1.268 

21.86 

2.17 

Brand  C 

17   

1.268 

21.78 

1.78 

Brand  F 

22   

1.267 

22.47 

2.25 

Brand  C 

18   

1.266 

21.93 

2.02 

Brand  C 

3   

1.266 

21.57 

3.57 

Brand  A 

8  

1.265 

21.43 

2.40 

Unknown" 

14   

1.263 

22.75 

2.17 

Brand  D 

30   

1.262 

24.47 

2.17 

Brand  E 

6   

1.262 

22.58 

2.71 

Brand  C 

13   

1.260 

23.18 

2.33 

Brand  D 

10   

1.259 

21.48 

2.17 

Brand  D 

5   

1.258 

21.58 

4.11 

Brand  C 

20   

1.258 

21.28 

2.09 

Brand  D 

25   

1.252 

21.81 

2.09 

Brand  D 

11  

1.250 

22.20 

2.48 

Brand  D 

19   

1.240 

17.74 

2.95 

Home-boiled 

1   

1.235 

15.65 

6.05 

Home-boiled 

15   

1.210 

13.30 

4.50 

Home-boiled 

2   

1.182 

10.90 

5.27 

Home-boiled 

1 

■  Commercial  but  manufacturer  not  known. 

diluting  the  concentrate  so  as  to  produce  a  given  specific  gravity  after  dilu- 
tion be  used  there  would  be  little  difference  between  the  two  final  sprays  with 
regard  to  their  polysulphide  sulphur  content ;  it  is  only  when  the  operator 
follows  the  procedure  of  diluting  his  lime  sulphur  year  after  year  to  1-75  or 
1-100  or  some  other  dilution,  regardless  of  the  specific  gravity,  that  he  may 
find  his  final  spray  less  effective  or  more  injurious  than  he  hoped. 

Thiosulphate  Sulphur. — Table  1  indicates  that  there  is  a  great  difference 
in  the  thiosulphate-sulphur  content  of  the  various  samples  analyzed.  The 
range  of  this  constituent  is  between  1.71  per  cent  and  6.05  per  cent,  the 
samples  with  the  lowest  specific  gravity  and  polysulphide  sulphur  content 
showing  in  general  the  highest  concentration  of  thiosulphate  sulphur.  Sta- 
tistically, however,  there  was  no  correlation  between  the  thiosulphate  con- 
tents and  either  the  specific  gravity  or  the  polysulphide  concentrations. 
Samples  3,  4,  5,  and  19  are  relatively  high  in  thiosulphate  sulphur. 

The  importance  of  the  thiosulphate-sulphur  concentration  in  lime- 
sulphur  sprays  is  not  too  well  understood,  but  there  seems  to  be  a  general 
agreement  that  it  is  of  little  or  no  value  as  a  fungicide,  nor  does  there  appear 
to  be  any  evidence  for  considering  it  injurious  to  foliage. 
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Commercial  vs.  Homemade  Lime  Sulphur.— Fiwe  of  the  30  samples  of 
lime  sulphur  collected  for  this  study  were  homemade;  that  is.  they  were 
boiled  by  the  orchard  operator.  It  is  interesting  and  probably  significant 
that  the  4  samples  lowest  in  polysulphides  were  homemade,  and  these  same  4 
samples  were  among  the  highest  in  thiosulphate  sulphur.  The  average  poly- 
sulphide-sulphur  content  of  the  5  homemade  samples  was  16.70  per  cent, 
while  for  the  25  commercial  samples  it  was  22.61  per  cent.  Thiosulphate 
sulphur  of  the  homemade  samples  averaged  4.05  per  cent,  while  the  average 
for  the  commercial  samples  was  2.32  per  cent. 

With  one  exception,  it  may  be  said  that  the  homemade  samples  were 
decidedly  inferior  to  the  commercial  samples.  Peculiarly  enough,  the  fifth 
sample  of  homemade  lime  sulphur  (sample  24)  was  the  best  of  the  30  sam- 
ples examined.  This  indicates  that,  with  proper  care  and  equipment  (in  this 
case  a  steam  heated  kettle),  lime  sulphur  of  a  quality  equal  or  superior  to 
commercial  brands  may  be  produced  on  the  farm. 

The  Pennsylvania  State  College, 
State  College,  Penna. 
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A  scene  at  the  Roseville  Tobacco  Experimental  Field  in  Pennsylvania  this  season  —  a  crop  grown  with  1000  pounds  per  acre  of  a  4-8-12  mixture 

Planning  Fertility  for  Pennsylvania 

Cigar-leaf  Tobacco 


Mr.  Haley  is  employed  in  the  de- 
partment  of  agricultural  and  biologi- 
cal chemistry,  and  Mr.  Reid,  the 
division  of  bacteriology,  both  at 
'Pennsylvania  State  College, 

JLt  has  been  evident  for  a 
long  period  of  time  that  both  the 
yield  and  quality  of  Pennsylvania 
cigar-leaf  tobacco  are  controlled 
in  large  measure  through  the  ra- 
tional use  of  fertilizers.  It  has 
been  equally  evident,  however, 
that  the  maximum  benefits  of  a 
given  fertilizer  treatment  are  de- 


By  D.  E.  Haley  and  J.  J.  Va^xA 

pendent  on  certain  environmental 
conditions,  a  few  of  which  will 
now  be  mentioned. 

The  seedbed.  It  is  obvious  that 
extreme  care  must  be  taken  in  the 
case  of  seedlings  so  as  to  insure  a 
normal  and  uninterrupted  growth 
and  the  development  of  a  satis- 
factory root  system.  When  beds 
are  steamed  in  the  spring  in  order 
to  kill  weed  seeds,  the  heavier 
types  of  soil  appear  to  lose  their 
moisture-holding  properties.  In 
order  to  overcome  this  condition 
frequent    waterings    are    usually 


employed.  This  is  unfortunate  in 
that  considerable  nutrient  ma- 
terial is  leached  from  the  upper 
soil  layers  and  the  development 
of  the  root  system  is  seriously 
impeded.  ^TJiese  conditions  re- 
sult in  a  disturbance  of  the  min- 
eral balanci,  which  may  and 
sometimes  A  further  aggravated 
through  tlJP  u  e  of  stimulants 
such  as  manure  extracts  or  dilute 
solutions  of  nitrate  of  soda.  Fur- 
thermore the  bed  may  be  covered 
with  cloth  which  will  interfere 
with  aeration  and  help  maintain 


too  high  a  humidity  at  times. 
These  conditions  lead  to  a  highly- 
susceptible  condition  of  the  seed- 
lings and  aid  materially  in  the 
transformation  of  Pseudomonas 
fluorescens^  a  commonly  occurring 
saprophyte  of  the  soil,  to  a  physi- 
ological adaptation  known  as 
Phytomonas  tabaci,  or  the  wildfire 
organism.  The  presence  of  wild- 
fire in  a  seedbed  is  a  clear  indica- 
tion of  the  fact  that  the  plants 
have  been  grown  under  undesir- 
able conditions. 

Fall  steaming  of  beds  appears 
superior  to  spring  steaming,  as 
normal  conditions  in  respect  to 
moisture-holding  properties  may 
be  reestablished  before  seeding. 
Care  should  be  taken  to  use  fer- 
tilizer mixtures  similar  to  those 
used  in  the  field.  The  use  of 
sashes  is  preferable  to  cloth  in 
that  the  harmful  effects  of  heavy 
rains  may  be  controlled.  Through 
raising  of  the  sashes  better  condi- 
tions of  aeration  are  maintained 
and  the  danger  of  high  humidi- 
ties is  lessened.  ) 

The  physical  condition  of  the  soil. 
Attention  has  been  called  to  the 
development  of  a  satisfactory  root 
system  in  the  seedbed.  Of  far 
greater  importance,  however,  is 
an  unrestricted  root  development 
in  the  field.  While  our  tobacco 
soils  are  rather  heavy  it  is  possi- 
ble in  most  cases  to  bring  them  to 
the  proper  degree  of  tilth.  Poorly 
drained  soils  should  never  be 
planted  to  tobacco.     I 

All  growers  realize  the  impor- 
tance of  the  physical  conditions 
of  their  soil,  as  evidenced  in  their 
rotations  and  liberal  use  of  farm 
manure.  In  some  cases  and  under 
certain  conditions  the  rotation 
and  the  use  of  manui;^  may  limit 
the  desirable  effects! of  a  given 
fertilizer  treatment.  4  i 

One  of  the  most  cri  (Cal  periods 
in  the  Hie  of  a  tohA  co  plant  is 
that  which  immediaf:ply  follows 
transplanting.  It  must  establish  a 
good  root  system  and  be  supplied 
the  necessary  mineral  elements  in 
the  proper  quantity  and  in  the 


proper  form.  With  sufficient  rain- 
fall uninterrupted  growth  may 
take  place  and  the  harmful  influ- 
ence of  any  rotation  or  field  treat- 
ment may  be  overshadowed.  In 
many  cases,  however,  the  field 
treatment  or  rotation  may  defi- 
nitely check  the  growth  of  the 
young  plant. 

In  order  to  maintain  the  proper 
physical  condition  of  the  soil, 
organic  additions  are  necessary. 
Formerly,  well-rotted  mixtures  of 
horse  and  cow  manures  were 
used.  Such  a  practice  was  funda- 
mentally correct,  as  this  material 
acted  as  a  reservoir  for  moisture 
and  mineral  nutrients  which  were 
available  and  necessary  for  the  un- 
interrupted growth  of  the  plant. 
On  the  other  hand,  plowing 
under  old  red  clover  sod  or  fresh 
stable  manure  is  not  so  desirable. 
These  materials,  rather  than  im- 
proving the  moisture-holding  ca- 
pacity of  the  soil  to  the  benefit  of 
the  plants,  compete  with  them 
for  moisture.  On  the  other  hand, 
weather  conditions  may  be  of 
such  a  nature  that  the  nutrient 
materials  in  these  substances  may 
be  liberated  at  a  time  that  the 
plant  is  not  able  to  utilize  them  to 
advantage,  while  in  the  earlier 
stages  of  decomposition,  the 
bacteria  involved  may  compete 
with  the  plant  for  nutrient  ma- 
terial. 

A  plant  checked  in  growth 
may  become  loaded  with  starch. 
Such  a  condition  may  be  ob- 
served during  a  drought  period. 
If  the  drought  is  broken  abruptly, 
nitrogen  is  readily  absorbed, 
starch  disappears  and  proteins  are 
formed  in  a  series  of  reactions. 
Such  changes  involve  a  lowering 
of  resistance  as  evidenced  by  the 
appearance  of  leaf  spots.  Such  a 
condition  would  never  occur 
when  conditions  were  satisfactory 
for  normal  growth  and  utilization 
of  the  materials  absorbed  and 
when  uninterrupted  growth  was 
in  evidence. 

In  line  with  the  above,  an  arti- 
cle written  by  the  authors  and 


co-workers  entitled  **  Plant  Nutri- 
tion and  Disease  Resistance"  may 
be  found  in  the  Journal  of  Bacteri- 
ology, Vol.  38,  p.  234,  and  which 
reads  as  follows : 

"A  study  has  been  made  of  the 
relation  between  variations  in  the 
nitrogen/mineral  uptake  of  plants 
and  variations  in  resistance  to 
disease.  It  has  been  a  common 
assumption  that,  other  things 
being  equal,  the  higher  the  nitro- 
gen level  of  the  plant,  the  greater 
the  susceptibility  of  the  plant  to 
disease.  Data  obtained  by  the 
authors  indicate  that  this  is  not 
the  true  relation  between  nitro- 
gen uptake  and  disease  suscepti- 
bility. 

"The  results  indicate  that  it  is 
not  a  question  of  how  much  nitro- 
gen a  plant  absorbs  within  rea- 
sonable limits  that  determines 
susceptibility,  but  the  stage  in  the 
life  of  the  plant  when  significant 
quantities  of  nitrogen  are  ab- 
sorbed. 

'Tobacco  plants  grown  with 
adequate  mineral  fertilization 
may  mature  with  a  nitrogen  con- 
tent in  excess  of  four  percent  and 
show  no  significant  loss  in  resist- 
ance to  leafspot  diseases  if  the 
nitrogen  is  supplied  without  ma- 
terial fluctuations  during  the 
stage  of  active  growth.  On  the 
other  hand  it  has  been  found  that 
tobacco  plants  may  show  extreme 
susceptibility  to  leafspot  diseases 
with  a  nitrogen  content  of  less 
than  two  percent,  if  the  nitrogen 
is  supplied  erratically  with  sig- 
nificant amounts  available  during 
the  ripening  stage. 

*Tt  is  considered  inadvisable, 
therefore,  to  employ  fresh  animal 
manure,  old  legume  residues  and 
other  sources  of  nitrogen  which 
may  provide  a  fluctuating  and  late 
supply  of  this  element  in  the 
fertilization  of  tobacco  and  other 
short  season  crops.*' 

Editor  s  Note:  A  second  article  in 
this  series  on  fertilisers  for  Pennsyl- 
vania cigar-leaf  tobacco  will  appear 
in  a  later  issue. 
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Reprinted  from  the  Thirty-Second  Annual   (1939)   Proceedings  of 
The  American  Society  of  Animal  Produaion  without 


repaging. 


THE  PROTEIN  REQUIREMENTS  OF  THE  YOUNG  PIG  * 

T.  B.  KEITH  and  R.  C.  MILLER 

Pennsylvania   State   College 

Because  of  the  rapid  growth  of  the  pig  and  its  consequent  high  re- 
quirements for  specific  nutrients,  this  species  shows  evidence  of  specific 
nutrient  deficiencies  more  quickly  and  strikingly  than  either  horses,  cattle 
or  sheep. 

Something  of  the  requirement  for  specific  nutrients  of  young  growing 
animals  is  indicated  by  the  composition  of  the  milk  of  particular  species. 
As  given  by  associates  of  Rogers  (1)  the  protein  content  of  sows'  milk 
exceeds  that  of  the  human,  cow,  mare,  goat  and  ewe.  Hughes  (2)  has 
reported  the  total  solids  and  protein  contents  of  sows'  milk  to  be  17.98 
percent  and  6.77  percent  respectively.  Morrison  (3)  reports  these  values 
as  19  percent  for  total  solids  and  5.9  percent  for  protein.  From  these 
figures  it  is  indicated  that  the  average  feed  of  a  nursing  pig  contains 
31.0  to  37.6  percent  of  protein  on  the  basis  of  the  dry  matter  content. 

Smith  (4)  recommends  a  ration  containing  20  percent  total  protein 
for  pigs  between  the  weights  of  30  and  50  pounds.  In  a  study  of  gains 
and  economy  of  gains,  in  which  the  paired-method  was  used,  Carroll 
and  co-workers  (5)  reported  in  favor  of  pigs  fed  a  22  percent  protein 
ration  as  compared  to  pigs  fed  a  17  percent  protein  ration.  No  evidence 
of  protein  poisoning  was  observed  with  protein  levels  as  high  as  26  per- 
cent. 


*  Authorized   for  publication  on  November  25,   1939,  as  paper  No.  937  in  the 
Journal  Series  of  the  Pennsylvania  Agricultural  Experiment  Station. 
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In  a  series  of  three  experiments  conducted  at  the  Pennsylvania  Ex- 
periment Station  data  have  been  obtained  which  deal  with  the  protein 
requirements  of  pigs  from  time  of  weaning  until  a  live  weight  of  70 
pounds  is  attained. 

In  Experiments  1  and  2,  the  pigs  were  fed  in  individual  stalls  in  an 
experimental  feed  house  with  concrete  floors  and  concrete  outside  run- 
ways  These  pigs  were  selected  in  triplicates  of  the  same  breed,  sex  and 
weight,  all  members  of  the  same  triplicate  receiving  the  same  daily  quan- 
tity of  feed.  In  each  trio  the  quantity  of  feed  allotted  to  each  individual 
was  determined  by  the  pig  that  consumed  the  least  feed.  The  pigs  were 
placed  in  their  stalls  for  feeding  three  times  daily.  In  these  experiments 
a  comparison  was  made  of  12,  17  and  22  percent  and  17.  22  and  27 
percent  protein  rations. 

In  the  third  experiment  a  comparison  was  made  of  9,  12,  15  and  18  per- 
cent protein  rations  for  pigs  grazing  on  Dwarf  Essex  rape  forage.  These 
pigs  were  selected  in  quadruplicates  of  the  same  breed,  sex  and  weight, 
and  were  allotted  feed  and  fed  their  grain  in  individual  stalls  in  the 
same  manner  as  the  triplicates  were  fed.  The  pigs  grazed  on  the  rape 
forage  continuously  except  the  three  or  four  hours  of  each  day  spent  in 
the  stalls. 

The  composition  of  the  rations  is  shown  in  table  1.  Alfalfa  consti- 
tuted 4  percent  of  the  ration  of  Experiment  1,  10  percent  of  the  ration 
of  Experiment  2,  but  was  not  included  in  Experiment   3,  with  rape 

forage. 

TABLE  1 
RATIONS  AND   CONSTITUENTS 


Feeds 

E 

xperiments 

1 

22 

61.5 

22.0 

22.0 

4.0 

0.5 

2 

el 
27 

9 

3 

Prot( 
12 

nn  level 
17 

;rcent 

69.5 

13.0 

13.0 

4.0 

0.5 

Protein  lev 

17          22 

Protein 
12 

level 
15 

18 

Pe 
Yellow  corn        87.5 
Tankage  34%       4.0 
Soybean  oilmeal    4.0 
Alfalfa  meal          4.0 
Sodium  chloride  0.5 
Limestone 

Percent 
65.5     45.5 
12.0     22.0 
12.0     22.0 
10.0      10.0 
'    0.5       0.5 

36.5 
20.0 
33.0 
10.0 
0.5 

99.0 

0.5 
0.5 

Percent 
87.0     76.0 
9.0      15.0 
3.0       8.0 

0.5       0.5 
0.5       0.5 

68.0 
11.0 
20.0 

0.5 
0.5 
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In  summarizing  the  data  on  the  gains  of  pigs  between  the  weights 
of  40  and  70  pounds,  in  Experiments  1  and  2,  the  final  weights  of  the 
pigs  were  taken  as  the  first  weekly  weight  after  the  pigs  had  reached 
a  weight  of  70  pounds  and  in  Experiment  3  as  the  weekly  weight 
closest  to  70  pounds. 

Table  2  presents  the  initial  weights,  the  final  weights,  the  average 
daily  gains,  the  time  required  to  reach  70  pounds  in  live  weight,  the 
average  daily  rations  and  the  economy  of  gain. 


TABLE  2 
AVERAGE  WEIGHTS,  GAINS  AND  FEED  REQUIREMENTS 


Number       Protein 
of  pigs       percent. 

Period 

Initial 
weight 

Final 
weight 

Aver, 
daily 
gain 

Aver, 
daily 
ration 

Feed  per 

100  lbs. 

gain 

• 

days 

pounds 

pounds 

pounds 

pounds 

pounds 

Experiment 
9 

1      Fed 

12 

on  concrete 
76              40 

74 

.45 

1.56 

375 

12 

17 

72 

38      . 

75 

.50 

1.43 

301 

12 

22 

70 

41 

74 

.51 

1.31 

274 

Experiment 
10 

2— Fed 

17 

on  concrete 
54              33 

74 

.75 

1.85 

271 

10 

22 

51 

32 

70 

.74 

1.94 

270 

10 

27 

49 

34 

74 

.78 

1.98 

254 

Experiment 
9 

3— Fed 
9 

on  rape 
52 

forage 
36 

72 

.72 

1.74 

255 

9 

12 

52 

31 

73 

.73 

1.76 

247 

9 

15 

44 

36 

68 

.74 

1.54 

217 

9 

18 

42 

•      37 

72 

.84 

1.58 

188 

The  12  percent  protein  ration  of  Experiment  1  produced  the  smallest 
and  least  economical  gains,  with  more  time  and  more  feed  being  re- 
quired to  produce  10  percent  less  gain  on  this  ration  as  compared  to  the 
17  and  22  percent  protein  rations.  Of  the  13  triplicates,  in  six  cases  the 
pigs  fed  the  22  percent  protein  ration  gained  more  rapidly  and  re- 
quired less  feed  per  unit  of  gain;  in  six  triplicates  the  pigs  fed  the  17 
percent  protein  ration  had  the  highest  and  the  most  economical  gains. 
Four  pigs  fed  the  12  percent  protein  ration  did  not  reach  70  pounds  in 
weight,  as  compared  to  one  pig  fed  the  17  percent  protein  ration  and 
one  pig  fed  the  22  percent  protein  ration.  The  data  on  the  performance 
of  these  pigs  were  not  used.  The  pigs  fed  the  22  percent  protein  ration 
made  .01  pound  greater  average  daily  gain  on  nine  percent  less  feed 
per  unit  of  gain  than  the  pigs  fed  the  17  percent  protein  ration. 

The  pigs  fed  the  27  percent  protein  ration,  in  Experiment  2,  made 
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the  highest  average  daily  gain  in  the  least  time  on  approximately  six 
percent  less  feed  per  unit  of  gam.  All  members  of  all  triplicates  reached 
the  weight  of  70  pounds  in  live  weight  within  63  days  or  less.  Of  the  10 
triplicates,  in  three  cases  the  pig  fed  the  27  percent  protein  ration  made 
the  most  economical  gains;  in  four  cases  the  pig  fed  the  22  percent  pro- 
tein  ration  made  the  most  economical  gains;  and  in  three  cases  the  pig 
fed  the  17  percent  ration  made  the  most  economical  gains. 

In  Experiment  3,  the  pigs  fed  the  18  percent  protein  ration  on  Dwarf 
Essex  rape  gained  14,  13  and  12  percent  more  per  day  and  required 
36,  31  and  15  percent  less  feed  than  the  pigs  fed  the  9,  12  and  15 
percent  protein  rations  respectively.  The  pigs  fed  the  18  percent  pro- 
tcin  ration  required  10  days  less  time  to  reach  a  weight  of  72  pounds 
than  the  pigs  fed  the  12  and  9  percent  protein  ration. 

In  Experiments  1  and  2  the  efficiency  of  feed  utilization  as  shown  by 
the  quantity  of  feed  required  for  100  pounds  of  body  gain  is  very  high, 
ranging  from  254  to  375  pounds.  Woodman  and  others  (6)  have 
shown  that  with  pigs  fed  individually  as  compared  to  group  fed  pigs, 
the  former  had  a  higher  efficiency  of  food  utilization  and  were  more 
thrifty  than  the  group  fed  pigs.  These  differences  were  ascribed  by  these 
workers  to  greater  expenditure  of  energy  by  the  group  fed  pigs  in 
struggling  for  feed  at  meal  time  and  to  closer  control  of  feeding  enabled 
by  the  individual  feeding  procedure. 

The  figures  on  feed  requirements  reported  in  these  experiments  are 
very  much  lower  than  usually  reported  in  this  country  and  are  lower 
than  those  reported  by  Woodman  for  individually  fed  pigs. 

The  idea  of  conservation  of  energy  in  the  feeding  procedure  as  pro- 
posed  by  Woodman  may  partially  explain  this  situation,  but  in  addition 
it  may  be  pointed  out  that  two  out  of  three  pigs  of  each  trio  were  limited 
in  feed  intake  even  though  such  limitation  may  have  been  small  in  some 
cases,  and  that  under  such  conditions  of  limited  feed  intake  a  higher 
efficiency  of  food  utilization  may  result  because  of  the  use  of  nutrients 
for  tissue  building  and  not  for  the  mere  satisfaction  of  appetite. 

While  the  conditions  of  limited  feed  intake  may  not  fully  reflect  the 
complete  nutritive  effect  of  a  ration  in  all  its  aspects,  the  conditions  im- 
posed in  these  experiments  gave  a  very  close  approach  to  the  true  com- 
parative value  of  the  rations  being  studied  in  this  project. 

In  Experiment  1,  the  average  daily  feed  consumption  was  approxi- 
mately 2.5  pounds  per  day  for  each  100  pounds  of  live  weight  on  the 
average,  while  in  Experiment  2,  the  daily  feed  consumption  might  be 
considered  approximately  normal,  being  3.2  pounds  per  day  for  each  100 
pounds  of  live  weight.  In  both  experiments  these  figures  do  not  repre- 
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sent  the  maximum  food  intakes  possible  on  these  rations,  but  rather  are 
limited  to  a  degree  imposed  by  this  method  of  feeding. 

Summary 

A  study  has  been  made  of  the  growth  response  and  efficiency  of  food 
utilization  of  the  young  pig  from  the  time  of  weaning  to  a  live  weight 
of  70  pounds,  fed  on  rations  containing  from  9  to  27  percent  protein 
low  protein  abattoir  tankage  being  used  in  conjunction  with  soybean 
oil  meal  and  alfalfa  meal  as  a  supplement  to  yellow  corn. 

The  growth  response  was  not  satisfactory  on  the  12  percent  protein 
rations  without  forage.  Satisfactory  growth  was  obtained  on  the  17, 
22,  and  27  percent  protein  rations  of  the  pigs  fed  on  concrete,  and  on 
9,  12,  15,  and  18  percent  protein  rations  of  the  pigs  fed  the  grain  rations 
on  Dwarf  Essex  rape  pasture. 

Maximum  gains  and  most  economical  gains  were  made  by  those  pigs 
fed  the  rations  with  the  highest  percentages  of  protein. 
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